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A r e sea rch  and development program was s u c c e s s f u l l y  completed a t  L i f e  Systems, 
I n c ,  towards t h e  development o f  a  method of  genera t ing  n i t rogen  f o r  cabin  
leakage malcelip aboard space v e h i c l e s ,  This  n i t rogen  genera t ion  concepr. uses  
l i q u i d  hydrazine a s  t h e  s t o r e d  form of n i t rogen  t o  reduce tankage and expen- 
dables  weight a s s o c i a t e d  wi th  h igh  p r e s s u r e  gaseous o r  cry0genj.c l i q u i d  n i t r c -  
gen s t o r a g e ,  The hydrazine i s  c a t a l y t i c a l l y  d i s s o c i a t e d  t o  y i e l d  a  mixture o f  
hydrogen and n i t rogen .  The l a t t e r  i s  separa ted  t o  provide t h e  makeup n i t rogen ,  
The byproduct hydrogen i s  used i n  t h e  reduct ion  of metabol ic  carbon d ioxide ,  
The development of  an eight-statye Nitrogen Generation Module has been completed, 
The des ign  s u c c e s s f u l l y  i n t e g r a t e s  a  hydrazine c a t a l y t i c  d i s s o c i a t o r ,  t h r e e  
ammonia d i s s o c i a t i o n  s t a g e s  and fou r  pa l l ad ium/s i lve r  hydrogen sepa ra to r  
s t a g e s ,  A l t e r n a t i n g  ammonia d i s s o c i a t i o n  and hydrogen s e p a r a t i o n  s t a g e s  a r e  
used t o  remove hydrogen and ammonia formed i n  t h e  d i s s o c i a t i o n  of hydrnzine 
which r e s u l t s  i n  n e g l i g i b l e  ammonia and hydrogen concent ra t ions  i n  t h e  product  
n i t r o g e n  s tream. The h igh -pur i ty  n i t r o g e n  conta ins  l e s s  than  o r  equal  t o  0.2% 
hydrogen and 50 p a r t s  p e r  m i l l i o n  ammonia, The d i s s o c i a t i o n  and s e p a r a t i o n  
s t a g e s  a r e  packaged a s  a  s i n g l e  u n i t  t o  minimize h e a t  r e j e c t i o n  t o  ambient 
s i n c e  both  ope ra t e  a t  e l eva t ed   temperature!^, The s i n g l e  package concept 
a l lows t h e  h e a t  generated dur ing  t h e  d i s s o c i a t i o n  of hydrazine t o ' r e d u c e  t h e  
h e a t e r  power requi red  t o  main ta in  t h e  Nitrogen Generation Module a t  temperature.  
The development of an  engineer ing  breadboard Nitrogen Supply Subsystem a s  a n  
i n t e g r a t a b l e  subsystem f o r  a c e n t r a l  s p a c e c r a f t  Air R e v i t a l i z a t i o n  System has  
been completed. The subsystem c o n s i s t s  of t h e  hydrazine s to rage  and feed 
mechanism, t h e  Nitrogen Generation Module, t h e  p e r i p h e r a l  mechanical and 
e l e c t r i c a l  components r equ i r ed  t o  c o n t r o l  and monitor subsystem performance 
and t h e  ins t rumenta t ion  requi red  t o  i n t e r f a c e  with o t h e r  subsystems of an Air 
R e v i t a l i z a t i o n  System. The Nitrogen Supply Subsystem has been designed t o  
d e l i v e r  n i t r o g e n  a t  a  r a t e  of 3.6 kg/d (8.0 lb /d)  a t  p re s su re s  of 1725 1cPa 
(250 p s i a )  o r  l e s s .  The subsystem recovers  84% (wi th  the  remaining vented t o  
vacuum) of t h e  hydrogen contained i n  t h e  feed  hydrazine stream and d e l i v e r s  
0.44 kg/d (0.96 lb /d)  of hydrogen f o r  use i n  t h e  reduct ion  of carbon d ioxide .  
The breadboard Nit-rogen Supply Subsystem has been i n t e g r a t e d  wi th  a  one-person 
capac i ty  experimental  Air R e v i t a l i z a t i o n  System. The l a t t e r  provided a  t e s t  
bed t o  t e s t  and eva lua t e  t h e  ope ra t ion  of t h e  Nitrogen Supply Subsystem. The 
i n t e g r a t i o n ,  checkout and t e s t i n g  was s u c c e s s f u l l y  accomplished. The program 
a c t i v i t i e s  showed t h a t  hardware can be dev !loped t o  meet f u t u r e  c e n t r a l  A j a r  
R e v i t a l i z a t i o n  System requirements .  Future  a c t i v i t i e s  a r e  requi red  t o  exper i -  
mental ly  c h a r a c t e r i z e  t h e  hardware developed and e s t a b l i s h  t h e  performance 
l e v e l  and da t a  base  f o r  f l i g h t  hardware des igns .  The da t a  gathered w i l l  n leo  
r e f l e c t  t h e  ~ u b s y s t e m ' s  ma tu r i t y  l e v e l  f o r  f l i g h t  app l i ca t ion .  I n  a d d i t i o n ,  
development of a  s e l f - con ta ined  Nitrogen Supply Subsystem i s  recommended. 
INTRODUCTION 
Fu tu re  long-term manned s p a c e c r a f t  missions w i l l  u t i l i z e  an  atmosphere of 
n i t r o g e n  (Nq) and oxygen ( 0 2 )  Space v e h i c l e  gas leakage and cabin r e p r e s s u r i -  
z a t i o n  requirements fol lowing e x t r a v e h i c u l a r  missions n e c e s s i t a t e  on-board 
s t o r a g e  o f  t h e  primary cabin  a tmospher ic  c o n s t i t u e n t s ,  N and 0 . The N p  
component of a i r  can be  s t o r e d  a s  l i q u i d  hydrazinc (N H q and t i e  N,H c a t a l y t i -  
c a l l y  d i s s o c i a t e d  t o  an N aitJ hydrogen (H2) mix tu ren2  4he N /H mifitire i s  
then  sepa ra t ed  t o  y i e l d  t 8 e  makeup N2. The byproduct H i s  h e 8  i n  t h e  reduc- 
t i o n  of  metabol ica l ly-genera ted  csl!bon d ioxide  (GOZ), t h e  advantage of supply- 
i n g  N2 through N2H4 compared t o  gaseous o r  cryogenic s t o r a g e  i s  shown i n  
Figure  1, 
A r e sea rch  and development program has  been e s t a b l i s h e d  t o  evolve t h e  c a p a b i l i t y  
f o r  genera t ing  Np f o r  cabin  leakage  makeup aboard a  space v e h i c l e  of mission 
du ra t ions  r e q u i r ~ n g  r egene ra t ive  methods f o r  reprocess ing  t h e  c rew's  metabol ic  
products ,  The development prograin is focused on t h e  Nitrogeu Supply Subsystem 
(NSS) f o r  a  r egene ra t ive  Environmental ControLjLife Support Subsystem (EC/LSS) . 
Background 
During an  e a r l i e r  L i f e  Systems, Inc .  (1,SI) i d e n t i f i e d  two a t t r a c t i v e  
N p  genera t ion  systems based on t h e  c a t a l y t i c  d i s s o c i a t i o n  of N H4. I n  t h e  
f ~ r s t  system, l i q u i d  N H i s  c a t a l y t i c a l l y  d i s s o c i a t e d  t o  yie18 an  N2!H2 gas 
mixture.  Separa t ion  0% t h e  gas mixture  t o  y i e l d  N2 and d u c t  )I zs  accom- 
p l i shed  us ing  a  Polymer-Electrochemical N2/H2 Separa tor .  'W59  In t i e  second 
system, t h e  N /H2 product  gas from t h e  d i s s o c i a t o r  i s  separa ted  i n  a  palladium/ 
s i l v e r  ( ~ d / ~ g f  N2/H2 Sepa ra to r .  
The program culminated i n  t h e  s u c c e s s f u l  des ign ,  f a b r i c a t i o n  and t e s t i n g  of an  
N H C a t a l y t i c  D i s s o c i a t o r ,  a  Polymer E ~ e c t r o c h e m i c a l  N /H  Separa tor  and a  
t80Gstage Pd/Ag N /H Sepa ra to r .  Based on t h e  r e s u l t s  gf ?%is program it was 
recommended t h a t  ?in # Generat ion System (NGS), and subsequent ly an NSS, be 
, developed based on ~~8~ c a t a l y t i c  d i s s o c i a t i o n  and t h e  E'd/Ag method of H2 
s epa ra t ion .  
During a  fol lowing program, ( 4  j 5 )  I S 1  developed and t e s t e d  va r ious  components 
of t he  NSS inc luding  an NGM, N H4 s t o r a g e  and advanced ins t rumenta t ion .  T e s t s  
were conducted t o  suppor t  t h e  $evelopmerit of t h e  NGM and advance NSS technology. 
The c u r r e n t  program continued t h e  NSS development by implementing and t e s t i n g  
an engineer ing  breadboard NSS. 
Program Objec t ives  
' The o b j e c t i v e s  of t h e  program were t o  develop and eva lua t e :  
1. A Nitrogen Generation Module (NGM) inco rpora t ing  advances i n  s e a l i n g  
techniques ,  
2 ,  An engineer ing  breadboard of t h e  NSS which inco rpora t e s  t h e  NGM and 
i s  i n t e g r a t e d  wi th in  a  one-person, experimental  Air R e v i t a l i z a t i o n  
Sys tem (AW- 1) , and 
3. The i n t e g r a t i o n  concepts through a c t u a l  ope ra t ion  of an  FISS. 
(1) References c i t e d  a r e  a t  t h e  end of t h i s  r e p o r t .  

Program Orgnnr~rai,ion 
To meet t h e  above o b j e c t i v e s  the program was d i v i i a !  i n t o  f i v o  t a s k s  p l u s  t h e  
documentation and program management func t ions ,  "IC1ie ,five tasks were: 
1 , O  I d e n t i f y  and evaluo t e  a l t c r n a f  e  NGM ~ e a l i n g  techniques slid inco r -  
p o r a t e  t h e  p r e f e r r e d  technique i n t o  t h e  WGM p r i o r  t o  t e s t i n g  a s  a 
p a r t  of t h e  NSS. 
2,O Provide t h e  T e s t  Support Accessor ies  (TsA) t o  enable  o p e r a t i o n  of  
t h e  NSS with t h e  ARX-1 during t e s t i n g .  
3.0 E s t a b l i s h ,  implement and maintain o Product  Assurance Program through- 
ou t  t h e  c o n t r a c t u a l  per iod  t o  s e a r c h  o u t  q u a l i t y  weaknesses and 
d e f i n e  a p p r o p r i a t e  c o r ~ e c t i v e  meosures, 
4,O Perform a  v a r i e t y  of t e s t s  on t h e  NSS a s  a n  i n t e g r a t e d  subsystem 
wi th in  t h e  ARX-I, 
5.0  Complete those  suppor t ing  technology a c t i v i t i e s  requi red  t o  suppor t  
t he  development of t h e  NGM and t h e  NSS a s  p a r t  of a  s p a c e c r a f t  Air 
0 R e v i t a l i z a t i o n  System (ARS) , 
Abyor t  Organizat ion 
This F i n a l  Report covers t h e  work performed dur ing  t h e  per iod  December, 1978 
through January,  f 988, Tb,e Eolf owing fou r  s e c t i o n s  g r e a e n t  t h e  t e c h n i c a l  
r e s u l t s  grouped according t o  (1) NGM Development, (21 NSS Development, (3 )  
Mini-Product Assurance Program and (4) Sgpport ing Techl~ology S t u d i e s ,  These 
s e c t i o n s  a r e  followad by Conclusians and Recommendations based on the  work 
performed. 
NITROGEN GENERATION MODULE DEVELOPMENT 
The NGM i s  t h e  major component i n  an NSS based on t h e  c a t a l y t i c  d i s s o c i a t i o n  
of l i q u i d  N H4 and subsequent s e p a r a t i o n  of  t h e  product  gases  i n t o  N2 and Hz.  
The NGM comaines a l l  c a t a l y t i c  d i s s o c i a t i o n  and subsequent Pd/Ag H2 s-p a a r a t ~ o n  
s t ages  i n t o  a s i n g l e  u n i t .  The o b j e c t i v e  of  t h e  p r i o r  development a c t i v i t i e s  
was t o  develop t h e  i n i t i a l  NGM hardware r equ i r ed  t o  ( a )  demonstrate and v e r i f y  
t h e  s t a g i n g  concept and t h e  s i n g l e  u n i t  NGM des ign ,  and (b)  exper imenta l ly  
genera te  a  te~h$o$ygy base  t h a t  can be used t o  opt imize subsequent advanced 
NGM des igns .  ' ' Emphasis i n  t h e s e  development a c t i v i t i e s ,  t h e r e f o r e ,  was 
placed on developing an NGM t h a t  could be used a s  a t e s t  bed t o  genera te  
necessary  design d a t a .  Only secondary emphasis was placcd on minimizing NGM 
weight. 
The r e c e n t  NGM development a c t i v i t i e s  have been d i r e c t e d  toward inco rpora t ion  
of improved s e a l i n g  techniques i n t o  e x i s t i n g  NGM components wi th  hardware 
modi f ica t ion  a s  requi red .  I n  t h e  process ,  t h e  weight of  t h e  NGM was reduced 
by redes ign  of t h e  s e p a r a t o r  housing. Design cons ide ra t ions  f o r  i n t e g r a t i n g  
t h e  NGM and NSS wi th  t h e  ARX-1 were inc luded ,  The fo l lowing  s e c t i o n s  review 
t h e  NGM des ign  concept and ope ra t ion  and summarize t h e  hardware f a b r i c a t e d .  
f -. A .  .., 
i Design Desc r ip t ion  
i k The f u n c t i o n  of  t h e  NGE! i s  t o  genera te  N and byprcduct  ]I, from l i q u i d  1? lib. 
t The NGE; ci,nsists o f  a l v . m a t e  c a t a l y t i c  a i s s o c i a t i o n  and fi2 s e p a r a t i o n  a tages  
1 conf igvrzr  t o  g ive  h igh  p u r i t y  N ~ n d  2 i2 .  The d i s s o c i a t o r  and separntoP 
i s t a g e s  an t  packaged a s  a  s i n g l e  $ n i t  t o  minimize h e a t  r e f e c t i o n  t o  ambient 
s i n c e  both o p e r a t e  a t  e l eva t ed  temperatures ,  The s i n g l e  package concept a l s o  
s a l lows  t h e  h e a t  generated dur ing  t h e  d i s s o c i a t i o n  of  N II t o  reduce t h e  h e a t e r  4 power requi red  t o  maintain t h e  NGM a t  ope ra t ing  temperat re. 
! 
i Concept Desc r ip t ion  
E A b lock  diagram showing t h e  s t ag ing  concept i s  presented  i n  F igu re  2 ,  The NGM 
i c o n s i s t s  of  one N2Hg d i s s o c i a t i o n  s t a g e ,  t h r e e  ammonia (NH ) d i s s o c i a t i o n  
& s t a g e s  end f o u r  H p .  sepa ra t ion  s t a g e s .  The ?i H4 feed/N pr8duct  stream flows 
g i n  s e r i e s  from stcite t o  s t age .  Tlle p r o j e c t e 8  gas concant ra t ions  fol lowing 
! each d i s s o c i a t i o n  and A2 s epa ra t ion  s t a g e  demonstrate t h e  method of ob ta in ing  1 low NH3 and H2 concen t r a t ions .  
?< 
e c a t a l y t i c a l l y  d i s s o c i a t e d  i n  t he  f i r s t  s t a g e  v i a  t h e  fol lowing 1 r eac t ions  ; 
4/3 NH, = 2/3 N, + 2H2 
" " 
A l l  t h e  N2H4 i s  d i s s o c i a t e d  i n  t h i s  i n i t i a l  s t a g e .  Not a l l  of t h e  NH formed 
by equat ion  1, however, i s  d i s soc i a t ed  i n  t h e  N2H4 c a t a l y t i c  d i s soc i azo r .  
The N 2 ,  H2 and unreacted Nli gases from t h e  f i r s t  s t a g e  e n t e r s  t h e  f i r s t  H, 
s e p a r a t i o n  s t a g e .  Most (90%) of the  N2 e n t e r i n g  t h i s  s t a g e  i s  removed andM 
c o l l e c t e d  a t  172  kPa (25 p s i a )  f o r  use  i n  t h e  C02 Reduction Subsystem (CRS). 
The N2 product  gas from t h e  f i r s t  s epa ra t ion  s t a g e  i s  t hen  manifolded t o  t h e  
f i r s t  NH dissoc ia , t ion  s t a g e .  The h igh  Mig and N2 concent ra t ions  en t e r ing  t h e  
d i s s o c i a z o i  favor  f u r t h e r  NH3 d i s s o c i a t i o n  and t h e  formation of more N2 and 
H2 (equat ion  2).  
A l t e r n a t e  H2 s e p a r a t i o n  and NH d i s s o c i a t i o n  s t a g e s  a r e  used t o  a t t a i n  t h e  
f i n a l  N2 product  p u r i t y .  The $2 removed i n  t h e  l a s t  t h r e e  H sepa ra t ion  
s t a g e s  i s  vented t o  space vacuum and i s  t h e r e f o r e  no t  a v a i l a a l e  f o r  use i n  t h e  
CRS. The H2 s e p a r a t i o n  t o  vacuum i s  requi red  t o  a t t a i n  t h e  low H2 concentra- 
t i o n  requi red  i n  t h e  product  N2. 
1 
Design S p e c i f i c a t i o n s  
The NGN des ign  s p e c i f i c a t i o n s  a r e  presented  i n  Table 1. The NGM was s i zed  t o  
d e l i v e r  3.64 kg/d. (8.00 l b / d )  of N2 and 0.44 kg/d (0.96 l b / d )  of H2. The MI3 
concen t r a t ion  i n  t h e  product  N2 i s  of prime concern i n  t h e  NGM d e s ~ g n  s i n c e  
l e s s  than 50 ppm i s  requi red  t o  s a t i s f y  contamj,nation requirements f o r  d i r e c t  
u t i l i z a t i o n  of N2 i n  a  s p a c e c r a f t  cabin atmosphere. The requirement f o r  l e s s  
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t J 
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TABLE 1 NGM DESIGN SPECIFICATIONS 
Hydrazine Feed Rate,  kg/d ( lb /d)  
Nitrogen Generation Rate ,  kg/d ( lb /d)  
Hydrogen Genera t i o n  Rate,  kg/d ( lb /d )  
Nitrogen Product Composition, Volume % 
Hydrogen 
Ammonia 
Water (4 
Hydrogen Byproduct P u r i t y ,  Volume % 
Surface Temperature Guide l ines ,  K (P) 
(a )  The water concent ra t ion  i n  t h e  n i t rogen  product  s t ream i s  
caused by t h e  small  amount of  water p r e s e n t  i n  t h e  hydrazine 
f e f ~ d  stream. 
t h a n  o r  equal  t o  0.2% H2 i n  t h e  product  N p  i s  n o t  c r i t i c a l  ;Ince lower H2 
concent ra t ions  have been demonstrated previous ly .  (" The f i n a l  H2 sepa ra t ion  
s t a g e  shown i n  F igu re  2 maintains  t h i s  requirement.  
F igu re  3 is  a  f u n c t i o n a l  schematic of t h e  NGM showing t h e  o r i e n t a t i o n  of  t h e  
i n d i v i d u a l  s t a g e s ,  The NGM performs t h r e e  func t ions :  N N d i s s o c i a t i o n ,  NfI 
d i s s o c i a t i o n  and H2 sepa ra t ion .  The temperatures  of  t h2  i i s s o c i a t i o n  s t agez  
and s e p a r a t i o n  s t a g e s  a r e  c o n t r o l l e d  s e p a r a t e l y  us ing  two sets of h e a t e r s .  
Coolant N2 i s  provided between t h e  two temperature zones i n  t h e  event  cool ing 
is  requi red  t o  c o n t r o l  t h e  two zones independently.  
I 
Hydrazine Di s soc i a t ion  I 
Hydrazine d i s s o c i a t i o n  t akes  p l ace  i n  t h e  c e n t e r  c a v i t y  of t h e  NGM. Liquid 
N2H4 a t  a  p re s su re  of approximately 2070 kPa (300 p s i a )  i s  i n j e c t e d  i n t o  t h e  
d ~ s s o c i a t o r  through a  c a p i l l a r y  o r i f i c e  i n  t h e  header assembly. The diameter  
of t h e  c a p i l l a r y  opening i s  sma l l e r  t han  t h e  quenching diameter  f o r  N H t o  
prevent  propagat ion  of t h e  d i s s o c i a t i o n  r e a c t i o n  back t o  t h e  supply. 21$ t h e  
feed o r i f i c e  N H i s  taken from a  l i q u i d  a t  ambierit temperature t o  a  vapor  
s l i g h t l y  above2tke b o i l i n g  p o i n t  of N2H4 a t  t h e  ope ra t ing  p re s su re .  
Hydrazine vapor e n t e r s  t h e  c e n t r a l  d i s s o c i a t o r  tube  a t  an e leva ted  temperature I 
arkd d i s s o c i a t e s  a u t o c a t a l y t i c a l l y .  The c e n t r a l  feed  tube i s  packed wi th  10 t o  
20 mesh tungs t en  ch ips  t o  al low hea t  t o  t r a n s f e r  t o  t h e  gas phase which promotes 
t h e  a u t o c a t a l y t i c  r e a c t i o n .  A plat inum ( P t )  sc reen  i s  l oca t ed  a t  t h e  end 
t h e  c e n t r a l  feed  tube  t o  ensure t h a t  any undissoc ia ted  N2B4 r e a c t s  p r i o r  t o  
e n t e r i n g  t h e  packed c a t a l y s t  bed i n  t h e  conckntr ic  annular  housing, 
A t  t h e  end of t h e  c e n t r a l  tube  t h e  flow p a t t e r n  of t h e  product  gases i s  reversed 
i n  d i r e c t i o n .  The product  gases  flow i n  t h e  annular  housing concen t r i c  with 
t h e  c e n t r a l  tube  and e x i t  a t  t h e  h o t t e s t  zone i n  t h e  r e a c t o r .  The decomposition 
of NH3 i n t o  N2 and H ( a t i o n  2 )  i s  favored k i n e t i c a l l y  and thermodynamically 
a t  h igher  temperatures .  ' The ha i rp in- type  r e a c t o r  design w i l l  t h e r e f o r e  
r e s u l t  i n  h ighe r  NH3 conversion e f f i c i - e n c i e s  i n  t h e  N H d i s s o c i a t i o n  s t a g e .  2 4 Tungsten c a t a l y s t  r e t a i n i n g  screens  a r e  used t o  prevent  c a t a l y s t  p a r t i c l e s  
from being removed by t h e  product  gases .  The product  gas from t h e  N2H4 d i s -  
s o c i a t i o n  s t a g e  i s  manifolded t o  t he  f i r s t  H2 s e p a r a t i o n  s t a g e .  
Ammonia D i s s o c i a t i o n  
The t h r e e  MI d i s s o c i a t i o n  s t a g e s  a r e  l oca t ed  i n  t h e  c e n t r a l  NGM core around 3 t h e  o u t s i d e  of  t h e  N2H4 d i s s o c i a t i o n  s t a g e .  The product  N2 gas s t ream, enriched 
i n  N and NK a f t e r  pas s ing  through a  H s epa ra t ion  s t a g e ,  i s  f ed  i n t o  a  NH 2  3 d i s s o c i a t i o n  s t a g e  a t  t h e  same end of t i e  NGM a s  t h e  N H4 feed .  The produc? 
gas passes  through t h e  packed c a t a l y s t  bed t r a v e l i n g  t a e  l e n g t h  of t h e  d i s -  
s o c i a t o r  core .  A t  t h e  end of t h e  f i r s t  c a t a l y s t  bed t h e  gases a r e  manifolded 
t o  t h e  second p o r t i o n  of t h e  c a t a l y s t  bed i n  t h e  d i s s o c i a t i o n  s t a g e .  The 
product  gas then  t r a v e l s  back t h e  l e n g t h  of t he  r e a c t o r  core  a i ~ d  e x i t s  a t  t he  
same end of  t h e  r e a c t o r  a s  t h e  feed s t ream. Each MI d i s s o c i a t i o n  s t a g e ,  3 t h e r e f o r e ,  c o n s i s t s  of two side-by-side tubes  packed wi th  c a t a l y s t .  

?' I !  
ir 
I., 
i 
Hydrogen S e p a r a t i o n  
The f o u r  H2 s e p a r a t i o n  s t a g e s  a r e  l o c a t e d  around t h e  o u t s i d e  o f  t h e  NGM. The 
Pd/Ag t u b e s  a r e  connected t o  a donut-shaped header  p l a t e  and a r e  t h e r m a l l y  
i s o l a t e d  from t h e  c e n t r a l  NGM c o r e  where N2H4 and NH d i s s o c i a t i o n  t a k e s  
p l a c e .  The r e a s o n  t o r  t h e  t h e r m a l  i s o l a t i o n  i s  t h e  a i f f e r e n c e  i n  o p e r a t i n g  
t e m p e r a t u r e s .  The H2 s e p a r a t i o n  s t a g e s  o p e r a t e  a t  644 K (700 F) and t h e  
d i s s o c i a t o r  c o r e  i s  m a i n t a i n e d  a t  1000 K (2340 F) .  
The H2 s e p a r a t i o n  s t a g e s  a r e  connec ted  t o  r51. main maxifold  p l a t e  which n a n i -  
f o l d s  t h e  p r o c e s s  g a s e s  between t h e  H2 t c p n k i t i o n  and t h e  d i s s o c i a t i o n  s t a g e s .  
The N /H m i x t u r e  from a  d i s s o c i a t i o n  s t a g e  e n t e r s  t h e  i n s i d e  ends ( i . e . ,  
c l o s e a t  20 t h e  c e n t e r  o f  t h e  NGM) of  Pd/Ag t u b e s  i n  t h e  s t a g e .  The p r o c e s s  
gas  p a s s e s  th rough  a l l  o f  t h e  Pd/Ag t u b e s  i n  e a c h  i n d i v i d u a l  s t a g e  i n  p a r a l l e l ,  
The H2-depleted gas  s t r e a m  from a  H2 s e p a r a t i o n  s t a g e  i s  t h e n  manifolded from 
t h e  o u t s i d e  ends  o f  t h e  t u b e s  t o  t h e  n e x t  NH3 d i s s o c i a t i o n  s t a g e .  
I n  t h e  f i r s t  Ha s e p a r a t i o n  s t a g e ,  H i s  c o l l e c t e d  a t  l e s s  t h a n  o r  e q u a l  t o  
172 kPa (25 p s r a )  f o r  u s e  i n  t h e  C R ~ .  The H2 removed i n  t h e  second,  t h i r d  and 
f o u r t h  H2 s e p a r a t i o n  s t a g e s  e x h a u s t s  t h e  NGM th rough  a  common mani fo ld  and i s  
ven ted  t o  vacuum, 
Temperature c o n t r o l  o f  t h e  H s e p a r a t i o n  s t a g e s  i s  p rov ided  th rough  m e t a l  r i b s  
which connec t  t h e  o u t s i d e  an8 i n s i d e  c o n c e n t r i c  c y l i n d e r s  which form t h e  
hous ing  f o r  t h e  s e p a r a t i o n  s t a g e s .  Band h e a t e r s  l o c a t e d  on t h e  o u t s i d e  w a l l  
a r e  a b l e  t o  t r a n s m i t  h e a t  t o  t h e  i n s i d e  s u r f a c e  through. t h e s e  r i b s ,  t h e r e b y  
keeping t h e  Pd/Ag t u b e s  a t  a  c o n s t a n t  t e m p e r a t u r e .  
O ~ e r a t i n e  Condi t ions  
Tab le  2  g i v e s  t h e  p r o j e c t e d  s t e a d y - s t a t e  o p e r a t i n g  c o n d i t i o n s  f o r  t h e  NGM. 
The d i s s o c i a t i o n  s t a g e  and s e p a r a t i o n  s t a g e  t e m p e r a t u r e s  a r e  c o n t r o l l e d  u s i n g  
t h r e e  c a r t r i d g e  h e a t e r s  l o c a t e d  i n  t h e  d i s s o c i a t o r  c o r e  and s i x  band h e a t e r s  
l o c a t e d  around t h e  o u t s i d e  o f  t h e  H2 s e p a r a t o r  hous ing .  Thermocouples l o c a t e d  
w i t h i n  t h e  NGM a r e  used t o  p r o v i d e  c losed- loop  t empera tu re  feedback c o n t r o l .  
The d i s s o c i a t o r  c o r e  i s  c o n t r o l l e d  a t  1000 K (1340 F) and t h e  Pd/Ag s e p a r a t o r  
t u b e s  a r e  c o n t r o l l e d  a t  644 K (700 F ) .  I n  a d d i t i o n  t o  t h e  h e a t e r s ,  a  p o r t  f o r  
N c o o l a n t  gas  i s  p rov ided  between t h e  d i s s o c i a t o r  c o r e  and t h e  H2 s e p a r a t o r  
sgages  i n  t h e  e v e n t  t h a t  t h e  Pd/Ag t u b e s  shou ld  s t a r t  t o  o v e r h e a t  due t o  t h e  
h e a t  g e n e r a t i o n  i n  t h e  d i s s o c i a t o r  c o r e .  
A s  p a r t  o f  t h e  developmental  e f f o r t ,  a n  improved H s e p a r a t o r  s t a g e  f o r  t h e  
NGM was des igned  and deve loped .  Th is  improved har8ware i n c l u d e s  a  hous ing ,  
mani fo ld  e n d p l a t e  and Pd/Ag t u b e  header  p l a t e .  The s e p a r a t o r  d e s i g n  a l s o  
i n c o r p o r a t e d  a  new s e a l i n g  t e c h n i q u e .  The d i s s o c i a t o r  assembly was r e t a i n e d  
from p r i o r  c o n t r a c t u a l  work. 
Hardware D e s c r i p t i o n  
F r o n t  and r e a r  views o f  t h e  assembled NGM a r e  p r e s e n t e d  i n  F i g u r e s  4 and 5 ,  
r e s p e c t i v e l y .  F i g u r e  6  shows t h e  d i sassembled  NGM hardware w h i l e  v iews o f  t h e  
d i sassembled  d i s s o c i a t i o n  and s e p a r a t o r  s t a g e s  a r e  shown i n  F i g u r e s  7  and 8 ,  
r e s p e c t i v e l y .  The NGM c o n s i s t s  of t e n  major subassemblies/components. These 
TABLE 2 NGk1 NOMINAL OPERATING CONDITIONS 
C a t a l y t i c  D i s s o c i a b o r  Temperature ,  K (I?) 
Pd/Ag S e p a r a t o r  Temperature ,  K (F) 
Hydrazine Feed 
Source  
Hydrazine  Flow R a t e ,  kgsd ( lb /d )  
dm /min 
Composit ion,  Weight % 
H y d r a z ~ n e  
Water 
Temperature,  K (F) 
P r e s s u r e ,  kPa ( p s i a )  
Ni t rogen  Produc t  
Flow R a t e ,  kg4d ( l b / d )  
dm /min (cfrn) 
Composit ion,  Volume % 
Hydrogen 
Ammonia 
Water 
~ e m p e r a t u r e ,  K (F)  
P r e s s u r e ,  kPa ( p s i a )  
Hydrogen Byproduct 
Flow Rate ,  kgdd [ l b / d )  
dmd/min (cfm) 
P u r i t y ,  Volume % 
- Temperature,  K (F) 
P r e s s u r e ,  kPa ( p s i a )  
Hydrogen Vented 
Flow Rate  , kg4d ( l b / d )  
dm /min (cfm) 
Temperature,  K (F) 
P r e s s u r e ,  Pa (mm Hg) 
Coolant  Supply 
TYP 
Temperature,  (F) 
Flow R a t e ,  cm /min (cfm) 
Cabin Environment Data 2 O p e r a t i o n a l  G r a v i t y ,  m/s (C.) 
T o t a l  P r e s s u r e ,  kPa ( p s i a )  
Oxygen P a r t i a l  P r e s s u r e ,  kPa ( p s i a )  
D i l u e n t  
Hydrogen C o n c e n t r a t i o n ,  Volume % 
. h o n i a  C o n c e n t r a t i o n ,  Volume % 
Temperature,  K (F) 
L iqu id  Hydrazine 
4 .15 (9.14) 
2.9 
m b i e n t  Air o r  N 
291 t o  297 (65 t8  75) 
28 (1) 
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, subassemblies/components a r e  summarized i n  Table 3.  The NGM hardware descrip- 
t i o n  i s  summarized i n  t h e  fol lowing s e c t i o n s  throush  a d i scuss ion  of  t he  
i n d i v i d u a l  des ign  cons ide ra t ions ,  
Opera t iona l  F l e x i b i l i t y  
S ince  t h e  NGM i s  used t o  genera te  perforn~ance and design da t a  f o r  f u t u r e  NGM 
des igns ,  maximum f l e x i b i l i t y  i n  t h e  des ign  and ope ra t ion  of  t h e  NGM was requi red .  
The c a p a b i l i t y  t o  monitor i n d i v i d u a l  s t a g e  performance and temperature d i s t r i -  
bu t ion  p r o f i l e  d a t a ,  and t o  i n d i v i d u a l l y  c o n t r o l  s e p a r a t o r  and d i s s o c i a t o r  
s t a g e  temperatures  was incorpora ted  i n t o  t h e  des ign  t o  provide t e s t i n g  f l e x i b i l i t y ,  
Gas sample t a p s  between ea,ch s t a g e  were incorpora ted  t o  al low a  sample t o  be 
analyzed the reby  quan t i fy ing  i n d i v i d u a l  s t a g e  performance during i n t e g r a t e d  
ope ra t ion ,  The NGM temperature d i s t r i b u t i o n  pro!:ile i s  monitored through t h e  
inco rpora t ion  of 16 thermocouples which provide f o r  bo th  r a d i a l  and a x i a l  
temperature p r o f i l e s .  Separa te  temperature c o n t r o l  of t h e  d i s s o c i a t i o n  s t a g e s  
and s e p a r a t o r  s t a g e s  i s  pro~r ided  through h e a t e r s  which a r e  connected t o  feedback 
temperature c o n t r o l s .  An N2 cool ing  source i s  a l s o  provided should i t  be 
necessary f o r  temperature con t ro l .  
One a d d i t i o n a l  des ign  f l e x i b i l i t y  was requi red  i n  t h e  N2H4 d i s s o c i a t i o n  s t a g e .  
The NGM was designed t o  i nco rpora t e  d i f f e r e n t  N H d i s socza to r  des igns ,  The 
N H4 d i s s o c i a t o r  can he maintained from the  end2pfate .  The N2H4 d i s s o c i a t o r  
t 6 reads  i n t o  t h e  end p l s t e  and s e a l i n g  i s  provided us ing  a  C - r ~ n g .  
Maintainabl . l i ty  i s  n o t  a  requirement of  a  f l i g h t  ve r s ion  NGM, Main ta inab i l i t y ,  
however, f o r  t h e  NGM f a b r i c a t e d  f o r  development t e s t i n g  under t h e  p re sen t  
e f f o r t  was requi red  f o r  t e s t i n g  f l e x i b i l i t y .  Operat ion a t  e leva ted  temperatures 
and p re s su res ,  and the  dimensional t o l e r ances  requi red  f o r  adequate s e a l i n g  
make disassembly and m a i n t a i n a b i l i t y  d i f f i c u l t .  Operat ion a t  e leva ted  tempera- 
t u r e s  causes t he  meta l  s u r f a c e s  t o  adhere t o  each o t h e r  through oxida t ion  and 
s c a l i n g .  Operat ion at e l eva ted  p re s su res  and t h e  l a r g e  s u r f a c e  a rea  requi red  
f o r  s e a l i n g  cause t h e  s e a l i n g  f o r c e  requi red  t o  be h igh ,  
The NGM was d iv ided  i n t o  t e n  major subassemblies and components f o r  disassembly 
dur ing  maintenance. Sea l ing  between t h e  subassemblies i s  provided by g raph i t e  
o r  flange-backed gaske t s ,  Bol t s  a r e  used t o  hold t h e s e  subassemblies t oge the r  
and provide t h e  s e a l i n g  f o r c e  requi red .  Eventual NGM hardware could have 
completely welded j o i n t s  e l imina t ing  t h e  need f o r  s e a l o ,  
Temperature Con t ro l /D i s t r ibu t ion  
Heat i s  ( a )  generated i n  t h e  N2H4 d i s s o c i a t i o n  p roces s ,  (b)  t equ i r ed  f o r  t h e  
NH d i s s o c i a t i o n  process  and (c)  l o s t  t o  ambient s i n c e  t h e  su r f ace  of t he  NGM 
( t a e  H2 s e p a r a t o r  s t a g e s )  i s  a t  644 K (700 F).  The NGM has two d i s t i n c t  
temperature zones. The H2 s epa ra to r  s t ages  ope ra t e  a t  644 t 2 8  K (700 f50  F). 
The s e p a r a t i o n  process  i s  favored by higher  temperatures  b u t  temperatures 
above 700 K (800 F) can decrease  t h e  r e l i a ' b i l i t y  and l i f e  of t h e  Pd/Ag tubes .  
The NH d i s s o c i a t i o n  s t a g e s  r equ i r e  temperatures  g r e a t e r  t han  o r  equal  t o  
811 K f1000 F) .  The c e n t e r  of t h e  d i s s o c i a t o r  housing ( i . e . ,  t h e  N H d i s -  2  4 
TABLE 3 NGM SUBASSEMDLIES/COMPONNTS 
Subaasembly/Component 
Housing, Sepa ra t i on  S t ages  
Wcader P l a t e  (with Pd/Ag Tubes) 
End P l a t e ,  Manifold 
Gaskets ,  Flanged-Back, Sepa ra to r  
End P l a t e ,  D i s s o c i a t i o n  S tages  
D i s s o c i a t o r ,  Hydrazine 
Gaskets ,  Graphi te ,  D i s s o c i a t o r  
Housing, D i s s o c i a t i o n  S tages  
Heaters ,  Ca r t r i dge  
Hea te r s ,  Band 
)lumber Required 
-
1 
1 
1 
2 
1 
1 
2 
1 
3 
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s o c i a t i o n  s toge )  ope ra t e s  a t  approximatcly 1000 K (1340 F ) .  The temperature 
then  decreaacs t o  811 K (1000 F) a t  t h e  s u r f a c e  of t h e  d i s s o c i a t o r  core ,  
Thermal c o n t r o l  of  hhe two s e p a r a t e  zones i s  provided by t h r e e  c a r t r i d g e  
h e a t e r s  l oca t ed  i n  t h e  d i s s o c i a t o r  core  and s i x  band h e a t e r s  l oca t ed  around 
the  o u t s i d e  of t h o  s e p a r a t o r  s t a g e s 1  housing, Sepa ra t c  feedback t€?tnpcrhtUri? 
c o n t r o l  c i r c u i t s  a r e  used t o  con t ro l  t h e  two tcmperotore zones, Between t h e  
two zones, an  ambient a i r  i n s u l a t i o n  j a c k e t  i s  provided because of t h e  l a r g e  
temperature d i f f e r e n c e ,  A cool ing  gas p o r t  i s  a l s o  provided between t h e  
d i s s o c i a t o r  c o r e  and t h e  s e p a r a t o r  housing t o  p reven t  cxces s ivc  temperatures.  
The o b j e c t i v e ,  o f  course ,  i s  t o  minimize h e a t e r  power and, even tua l ly  with 
f u r t h e r  development, e l i m i n a t e  t h e  need f o r  any h e a t e r  power. A pshs ive  
thermal des ign  i s  d e s i r e d  i n  which a l l  h e a t  requi red  ( t h a t  which is  l o s t  t o  
ambient) i s  generated by t h e  N H d i s s o c i a t i o n  process  and each temperature 
zone i s  maintained wi thout  con$r$ls. 
S ince  t h e  d i s s o c i a t o r  co re  i s  made from a s i n g l e  p i e c e  of meta l ,  minimum 
thermal g r a d i e n t s  occur ,  The temperature p r o f i l e  throughout  t h c  d i s s o c i a t o r  
core  i s  evenly d i s t r i b u t e d ,  being h o t t e s t  i n  t h e  c e n t e r  and decreasing t o  t h e  
s u r f a c e ,  The housing f o r  t h e  sepa ro to r  s t ages  i s  made of  two concent r ic  
cy l inde r s  which a r e  connected by r i b s  t o  s e p a r a t e  t h c  i n d i v i d u a l  s t ages .  
These r i b s  no t  on ly  provide  s t a g e  sepa ra t ion  f o e  t h e  c o l l e c t e d  H p  and s t r u c -  
t u r a l  suppor t  b u t  a l s o  al low hea t  conduction between t h e  two c y l ~ n d e r s .  The 
band h e a t e r s  are located en t h e  O U C E ~ ~ ~  s u r f a c e  OE t h e  NGM, Should h e a t  be  
requi red  t o  main ta in  t h e  temperature of  t h e  s e p a r a t o r  s t a g e s ,  it must conduce 
through these  r i b s  t o  t h e  i n n e r  su r f ace ,  The r i b s  i n  t h e  c u r r e n t  d e s i j n  
maintain t h e  temperature of t h e  scpa ra to r  s t a g e s  a t  a l l  p o i n t s  t o  wi th in  f 2 8  K 
(El0 F) . 
The two s e p a r a t e  temperature zones cause one a d d i t i o n a l  des ign  problem; thermal 
expansion of t h e  meta ls  involved when con t ro l l i i l g  t h e  d i f f e r e n t  temperatures  
could cause s c a l i n g  problems, The s t a g i n g  process  a l t e r n a t e l y  uses s epa ra to r  
and d i s s o c i a t o r  s t a g e s  and the re fo re  a manifold technique  i s  s t i l l  required t o  
connect t h e  two temperature zones,  The p r e s e n t  des ign  accommodates t h e  d i f -  
f e r e n t  thermal  expansion r a t e s  by connecting t h e  d i s s o c i a t o r  and sepa ra to r  
stages.  t o  a manifold end p l a t e  on one end only ,  b u t  u s ing  s e p a r a t e  welded end 
p l a t e s  on t h e  o t h e r  end. The sepa ra t e  end p l a t e s  fiI.3.o~ t h e  h o t t e r  d i s s o c i a t o r  
core t o  expand more than  t h e  sepa ra t ion  s t a g e s ,  thereby e l imina t ing  s e a l i n g  
and p o s s i b l e  mechanical f a i l u r e  problems, 
Sea l ing  between t h e  va r ious  NGM s t ages  was n e c e s s i t a t e d  by t h e  m a i n t a i n a b i l i t y  
requirements.  The s e a l i n g  requirements f o r  t h e  NGM a r e  d i f f e r e n t i a l  p ressures  
of 1720 kPa (250 p s i a )  t o  vacuum, compa t ib i l i t y  wi th  e l e v a t e d  temperatures (up 
t o  1000 K (1340 F)), compa t ib i l i t y  with a co r ros ive  NH3, H and N2 atmosphere 
and i r r e g u l a r  (nonc i r cu la r )  s e a l i n g  s u r f a c e  geometries.  ~ H e s e  s.aIing c r i t e r i . a  
l i m i t e d  t h e  s e l e c t i o n  of a s e a l i n g  method t o  g r a p h i t e  gaske ts .  Graphite 
gaske ts  have beentused  f o r  high-temperature s e a l i n g  a p p l i c a t i o n s  and meet t b e  
temperature and c o m p a t i b i l i t y  requirements.  Vendor d a t a  i nd ica t ed  t h a t  a f l a t  
g raph i t e  gaske t  would be capable of handl ing t h e  s e a l i n g  requirements without  
problems. The g r a p h i t e  gaske t  s e a l i n g  technique was t h e r e f o r e  i n i t i a l l y  
s e l e c t e d ,  
After f a b r i c a t i o n  of  t h e  NGM and t h e  g raph i t e  gaske t s ,  i n i t i a l  s e a l i n g  test6 
uncovered problems of  cold flow and Erec tur ing  oE t h e  g raph i t e  gaske t  s e a l i n g  
m a t e r i a l ,  Design da t a  o f f e r e d  by the vendor i n d i c a t e d  t h a t  t h e r e  would be  no 
cold flow problems us ing  t h e  g r a p h i t e  gaske ts .  F u r t h e r  i n v e s t i g a t i o n ,  however, 
showed t h a t  caPd flow problems d i d  occur ,  Minor gas Xeskagc was a l s o  uncovered 
and appeared t o  bc d i f f u s i o n  tnrough ttie g r a p h i t e  gasket; m a t e r i a l  i t s e l f ,  
Upon dissassembly of t h e  NGM it was dir;covercd t h a t  the  g raph i t e  garrket m a t e r i a l  
was n o t  r eusab le  a s  it ~ t r o n g l y  adhered t o  t h e  meta l  su r f eccs  i n  con tac t  w i th  
it, Upon disassembly, t h e  gaske t  was pu l l ed  a p a r t  making reuse imposs ib le ,  
A s o l u t i o n  t o  t h e  s c a l i n g  problems was t h e  uue of  a flangcd-buck g r a p h i t e  
gaske t .  A major e f f o r t  o f  t h i s  program wea the s e l e c t i o n ,  t e s t  and procurement 
of t h e  flanged-backed gaske t ,  Addi t iona l  4 l s c a s s i o n  o f  t h i s  new s e a l  is found 
i n  t h e  Support ing Technology scc tbcq ,  S e a l s  made from t h e  flanged-backed 
gaske ts  proved s u c c e s s f u l ,  
E a t e r i a l s  of Cons t ruc t ion  
A d e t a i l e d  l i s t  of  a l l  NGN p a r t s  and t h e i r  compatibi1il;y requirements (environ- 
ment) was prepared p r i o r  t o  f a b r i c a t i o n .  Thc major m a t e r i a l s  cons ide ra t ions  
requi red  f o r  t h e  NGM a r e  c o m p a t i b i l i t y  wi th  t h e  process  gas and opc ra t ion  a t  
e l eva ted  temperatures ,  The thermal  expansion p r o p e r t i e s  of a l l  m a t e r i a l s  were 
a l s o  considered.  The priniary m a t e r i a l s  compa t ib i l i t y  problems faced were 
cor ros ion  due t o  N H and Mi3, n i t r i f i c a t i o n  and II, embri t t lement .  All mn- 
t e r i a l s  used t h e  requxred m a t e r i a l s  s t anda rds .  
Nanifolding Between Stages 
A l l  manifolding of t h e  N product  gas  stream between t h e  var ious  s e p a r a t i o n  
and d i s s o c i a t i o n  s t a g e s  8as  accomplished us ing  a s i n g l e  manifold end p l a t e .  
This  s i n g l e  p l a t e  a t  one end of t h e  module helped e l imina te  thermal expansjon 
probldws caused by t h e  d i f f e r e n t  NGM temperature zones,  A l l  N p rocess  gas  
s t reams t h e r e f o r e  e n t e r  and l eave  a s t a g e  a t  t h e  same end of t 8 e  NGM. The H2 
byproduct and vent-to-vacuum streams which do no t  r e q u i r e  manifolding between 
Gtages a r e  c o l l e c t e d  from t h e  s h e l l  s i d e  of  t h e  s e p a r a t o r  st,age housing a t  t h e  
oppos i te  end of t h e  NGN. 
I n t e r f a c e s  
The NGM has f i v e  mechanical i n t e r f a c e s  and two e l e c t r i c a l  i n t e r f a c e s .  The 
mechan,ical i n t e r f a c e s  a r e  t h e  N2H4 Liquid feed  s t ream, t h e  N2 product  s t ream,  
t h e  H2 byproduct,  t h e  H2 vented t o  vacuum and t h e  N2 coolan t  supply.  The 
e l e c t r i c a l  connect ions lnc lude  power t o  t h e  hea t e r s  and t h e  temperature s enso r  
connec tors ,  The NGM conta ins  e i g h t  temperature s enso r s ;  two a r e  used f o r  
c o n t r o l  and s i x  a r e  used f o r  f a u l t  d e t e c t i o n  and i s o l a t i o n ,  The NGM a l s o  has 
p rov i s ions  f o r  a n  a d d i t i o n a l  e i g h t  thermocouples f o r  temperature p r o f i l e  
mapping dur ing  development t e s t i n g ,  
NITROGEN SUPPT;Y SUBSYSTEM DEVELOPMENT 
The primary func t ion  of t h e  NSS i s  t o  genera te  N f o r  cab in  leakage makeup 
thereby  c o n t r o l l i n g  t o t a l  cab in  p re s su re .  The N ~ S  i s a n  i n t e g r a t a b l e  subsystem 
wi th in  a  c e n t r a l  ARS. For  an ARS based on S a b a t i e r  C02 r educ t ion ,  t he  byproduct 
H2 generated by t h e  NSS i s  used t o  i nc rease  C02 r e d u c t ~ o n  e f f i c i e n c y .  The NSS 
can b e  divided i n t o  two p a r t s  c o n s i s t i n g  of t hose  components l oca t ed  wi th in  
the  c e n t r a l  ARS ( i  e  , t h e  inhabi ted  cabin) ,  and t h e  NIHG s t o r a g e  and feed 
assembly which i s  loca t ed  s e p a r a t e l y  and most l i k e l y  i n  common wi th  o the r  
s p a c e c r a f t  B2H4 s to rage  ( e .  g. , an uninhabi ted o r  unpressur ized  a r e a ) .  
The o b j e c t i v e s  on t he  development a c t i v i t i e s  descr ibed  i n  t h i s  r e p o r t  were t o  
(a )  assemble and check o u t  t h e  N2H4 s to rage  and feed mechanism a s  an assembly 
s e p a r a t e  from t h e  NSS components l oca t ed  wi th in  t h e  ARS, (b)  assemble, check 
out  and t e s t  t h e  p e r i p h e r a l  mechanical and e l e c t r i c a l  components required t o  
c o n t r o l  and monitor subsystem performance f o r  o p e r a t i o n  w i t h  t h e  ARX-1, ( c )  
i n t e g r a t e  t h e  NSB, inc luding  t h e  NGM, w i th in  t h e  AM-1, (d) check ou t  t he  
computer-based instxumentat ion hardware and sof tware  components required t o  
i n t e r f a c e  t h e  NSS wi th  t h e  ARX-1 and ( e )  perform i n t e g r a t e d  t e s t i n g  of t h e  
NSS, The fol lowing s e c t i o n s  review t h e  NSS des ign ,  d e s c r i b e  t h e  ARX-1 and t h e  
NSSIARX-1 i n t e g r a t i o n ,  desc r ibe  t h e  TSA requi red  f o r  o p e r a t i n g  t h e  NSS a s  p a r t  
of t h e  ARX-1 and summarize t h e  t e s t i n g  performed. 
Nitrogen Supply Subsystem Design 
The NSS was designed a s  an i n t e g r a t a b l e  subsystem f o r  a  c e n t r a l  ARS. Those 
components which would be redundant i n  another  subsystem have been e l imi-  
nated i n  tLie NSS. I n  a d d i t i o n ,  c e r t a i n  func t ions  t h a t  would be performed by 
the  NSS f o r  t h e  e n t i r e  c e n t r a l  ARS have been included.  The NSS c o n s i s t s  of 
the  N2H4 s to rage  and feed  mechanism, t h e  NGM, t h e  p e r i p h e r a l  mechanical and 
e l e c t r i c a l  components requi red  t o  c o n t r o l  and monitor subsystem performance, 
and t h e  advanced ins t rumenta t ion  requi red  f o r  t h e  NSS t o  i n t e r f a c e  with o the r  
ARS subsystems and c o n t r o l s ,  
Design Spec i f ica t ions  and Fea tu re s  
The NSS was designed t o  d e l i v e r  N a t  a  r a t e  of 3.64 kg/d (8.00 lb /d )  a t  p re s -  
su re s  l e s s  than  o r  equal  t o  1725 8 ~ a  (256 p s i a ) .  The des ign  s p e c i f i c a t i o n s  
f o r  t h e  MSS a r e  l i s t e d  i n  Table 4. 
The o v e r a l l  goa l  of t h e  des ign  e f f o r t  was t o  des ign  an  NSS a s  an i n t e g r a t e d  
subsystem wi th in  a  c e n t r a l  ARS. The design f e a t u r e s  i nco rpora t ed ,  t h e r e f o r e ,  
were s e l e c t e d  based on bo th  subsystem and i n t e g r a t e d  system (ARX-1) design 
requirements.  The fol lowing i s  a  l i s t  of t h e  major des ign  f e a t u r e s  incorpora ted .  
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1. The subsystem components were developed f o r  assembly wi th in  an 
i n t e g r a t e d  ARS a s  opposed t o  a  s e p a r a t e  subsystem i n t e r f a c e .  
2 .  A s e p a r a t e  N H4 s t o r a g e  and feed mechanism assembly was d e s i g ~ e d  t o  
s imula te  thag p o r t i o n  of t h e  NSS t h a t  would be  loca t ed  ou t s ide  t h e  
h a b i t a b l e  cabin.  
l 4  
F 1: 
TABLE 4 NITROGEN SUPPLY SUBSYSTEM DESIGN SPECIFICATIONS 
& 1
i 
Leakage Data 
Air Leakage Rate ,  kg/d ( lb /d )  4.74 (10,4)  
Nitrogen Leakage Rate,  kg/d (Pb/d) 3.64 (8.00) 
Oxygen Leakage Rate , kg/d ( lb /d)  1.10 (2.43) 
Cabin Atmosphere Data 
2 Opera t iona l  Gravi ty ,  m/s (G) 0 t o  9.8 (0 t o  1 )  
To ta l  P re s su re ,  kPa ( p s i a )  101.3 (14.7) 
Oxygen P a r t i a l  P re s su re ,  kPa ( p s i a )  21.4 (3.1)  
D i luen t  Nitrogen 
Volume 
I n i t i a l ,  93 (fS3) 
Growth, m ( f t  ) 
V e n t i l a t i o n  Rate 
Minimum, cm/s (f t /min)  
Maximum, cm/s (f t lmin)  
Hydrogen Concentrat ion,  Volume % 
Ammonia Concent ra t ion ,  Volume % 
Temperature, K (F) 
Surface  Temperature Guide l ines ,  K (F) 
Acous t ica l  Guidel ines  
\ 
I ,, 
. 
F 3 .  The byproduct H2 generated can be used by a S a b a t i e r  r e a c t o r  f o r  C02 reduct ion ,  
4. The M$S has se l f - con ta ined ,  ful ly-automated c o n t r o l s ,  
E 
5. Control  and monitoring func t ions  a r e  provided by computer-based 
in s t rumen ta t ion  u t i l i z i n g  sof tware  programming techniques ,  
6. Four s t e a d y - s t a t e  ope ra t ing  modes were incorpora ted ,  
7. The mode t r a n s i t i o n  sequences were i n t e g r a t e d  i n t o  t h e  sequencing 
requi red  f o r  ope ra t ion  of t h e  ARX-1. 
8, Manual ove r r ides  and c o n t r o l s  have been included f o r  of f -des ign  
t e s t i n g  . 
9.  Redundant N2H4 s to rage  tanks were developed t o  s imula te  t h e  c o n t r o l s  
requi red  t o  au toma t i ca l ly  swi tch  tanks  a s  requi red  i n  a c t u a l  f l i g h t  
a p p l i c a t i o n ,  
10. Redundant automatic  shu to f f  va lves  were used on t h e  N2H4 feed l i n e  
f o r  p ro j ec t ed  f l i g h t  s a f e t y  and maintenance requirements .  
11. A 1 1  m a t e r i a l s  of cons t ruc t ion  used a r e  compatible with t h e i r  environment. 
Subsystem Opera t i o n  
F igure  9 i s  a block diagram of t h e  NSS. High p re s su re  N2 a t  2070 kPa (300 p s i a )  
i s  used t o  p r e s s u r i z e  t h e  N H4 s t o r a g e  tanks .  Hydrazine i s  forced  from t h e  
tanks through a flow contro? which c o n t r o l s  t h e  N2H4 feed  r a t e  t o  t h e  NGM by 
a d j u s t i n g  the  feed  p re s su re  t o  t h e  t anks .  The N and H2 product  streams a r e  
cooled i n  a i r  h e a t  exchangers p r i o r  t o  e x i t i n g  t i e  subsystem. The N product  
p re s su re  i s  con t ro l l ed  a t  1725 kPa (250 p s i a )  by a backpressure r egu fa to r .  
The H vent-to-vacuum stream from t h e  second, t h i r d  and fou r th  H s epa ra t ion  2 
s t ages  i n  the  NGM i s  n o t  cooled p r i o r  t o  e x i t i n g  t h e  subsystem. 2 ~ h e  abso lu t e  
mass flow r a t e  and h e a t  capac i ty  i n  t h e  stream i s  very  small  and t h e  gas 
stream w i l l  reach ambient temperature i n  j u s t  t h e  l e n g t h  of tub ing  through 
which t h e  stream e x i t s  t h e  subsystem. 
Solenoid valves a r e  provided on t h e  two N2H4 tanks  t o  al low continuous opera- 
t i o n  of the  NSS. One tank  i s  always operating while  t h e  o the r  tank  remains i n  
standby. As t h e  f i r s t  t ank  i s  emptied, t h e  second tank  i s  switched on- l ine  
and t h e  f i r s t  t ank  i s  i s o l a t e d  f o r  r e f i l l i n g .  
Solenoid valves and flow c o n t r o l  o r i f i c e s  a r e  used t o  d i s t r i b u t e  t h e  high 
p re s su re  N f o r  purging t h e  t h r e e  process  gas s t reams.  Solenoid va lves  on t h e  2 H vent-to-vacuun and N product  s t reams al low a l l  purge gas t o  be vented 
tarough the  H byproduce stream which would be connected t o  t h e  CRS. As p a r t  
of an  integra$ed ARS, t h e  CRS would handle t h e  purge v e n t  f o r  a l l  ARS subsystems 
t o  prevent  d u p l i c a t i o n  of va lv ing  requi red  t o  exhaust  purge gas t o  space 
vacuum. The H vent-to-vacuum requirements would be handled s i m i l a r l y  a s  p a r t  
of t h e  ARS so 8 u p l i c a t i o n  i s  n o t  requi red  i n  t h e  NSS. 

The d e t a i l e d  schematic of t h e  NSS, presented  i n  F igure  10,  shows t h e  s p e c i f i c  
va lves  and sensors  t h a t  a r e  used i n  t h e  NSS, The component i d e n t i f i c a t i o n  
( e , g . ,  V31, P18) a r e  c o n s i s t e n t  w i t h  t h e  o v e r a l l  ARX-1 des igna t ion  scheme. 
The N p re s su re  t o  t h e  supply  tanks  i s  c o n t r o l l e d  us ing  a  motor-driven r e g u l a t o r  
( ~ 3 0 ) ~ a n d  a  closed-loop feedback c o n t r o l  from p res su re  sensor  P23. The p r e s s u r e  
i s  c o n t r o l l e d  a t  a  l e v e l  t o  main ta in  a  d e s i r e d  N2H4 f low r a t e  through flow 
c o n t r o l  Q8 a s  measured by t h e  d i f f e r e n t i a l  p re s su re  ac ros s  t h e  f i x e d  o r i f i c e .  
The N2H4 s t o r a g e  tanks  a r e  shown a s  be ing  loca t ed  i n  a  nonhabi table  compartment 
of t h e  s p a c e c r a f t .  Hydrazine s t o r e d  on-board a  s p a c e c r a f t  would be fed t o  t h e  
NSS from o u t s i d e  t h e  inhab i t ed  cab in  atmosphere, 
Manual va lves  (MV2 through MV6) a r e  provided t o  r e f i l l  t he  tanks s i n c e  each 
supply tank  was s i z e d  t o  l a s t  approximately f i v e  days. Solenoid valves V32 
through V35 determine which tank i s  on- l ine .  The c o n t r o l  ins t rumenta t ion  
au toma t i ca l ly  a l e r t s  t h e  ope ra to r  when a  tank  needs t o  be r e f i l l e d  and auto-  
m a t i c a l l y  switches i n  t h e  r e se rve  t ank .  P re s su re  s enso r s  and o r i f i c e s  a r e  
used t o  measure the  amount of  N2H4 i n  t h e  r e se rve  tank  p r i o r  t o  switching t o  
t h e  r e se rve  tank .  This  p reven t s  swi tch ing  i n  an N2H4 tank  which has not  been 
f i1 , led .  The concept works on the  p r i n c i p a l  of t i m ~ n g  how long it takes  t o  
p r e s s u r i z e  t h e  tanks wi th  N2 p re s su re  through a  f i xed  r e s i s t a n c e  flow o r i f i c e .  
A ve ry  s h o r t  p r e s s u r i z a t i o n  time ( l e s s  t han  one second) would i n d i c a t e  t h a t  t h e  
tanks were r e l a t i v e l y  f u l l  whereas a  longer  p r e s s u r i z a t i o n  per iod  ( four  minutes)  
would i n d i c a t e  t h e  tanks  a r e  almost empty. 
Redundant so lenoid  va lve  V27 ar~d manua'l va lves  MV4 and MV7 a r e  used a s  a  
s a f e t y  p recau t ion  t o  ensure  t h a t  dur ing  a  shutdown t h e  N H feed stream i s  
disconnected from t h e  NGCl bo th  automatica1,ly and manualla.  Nitrogen purge i s  
provided though so lenoid  va lves  V28, V29 and V31. Solenoid va lve  V31 a l s o  
se rves  t he  dual  purpose of p r e p r e s s u r i z i n g  t h e  NGM p r i o r  t o  s t a r t u p ,  Various 
p r e s s u r e ,  temperature and f low senso r s  a r e  l oca t ed  throughout t h e  subsystem 
fox sequencing c o n t r o l  and f a u l t  i s o l a t i o n  and de t ec t ion .  
The N 2  generated by t h e  NSS i s  vented t o  t h e  cabin  through p re s su re  r e g u l a t o r  
RE1 f o r  cab in  leakage makeup. The h igh  p r e s s u r e  N2 s t ream (upstream of r e g u l a t o r  
RE1) i s  a l s o  used f o r  p r e s s u r i z a t i o n  and purge purposes i n  o t h e r  ARX-1 subsystems. 
The s p a c e c r a f t  N supp1.y i s  used t o  bo th  p r e s s u r i z e  t h e  NSS dur ing  s t a r t u p  and 
purge o t h e r  ARX-? subsys terns during s t a r t u p  and shutdown. 
NSS/ARX-1 I n t e g r a t i o n  
The NSS was designed t o  be an  i n t e g r a t a b l e  subsystem f o r  a  c e n t r a l  U S .  A 
one-perrjon, experimental  breadboard ARS, termed t h e  ARX-1, was p r  
developed under NASA Ames Research Center  and Cont rac tor  funding. fyj0";2 
i n t e g r a t i o n  of t h e  NSS wi th  t h e  ARX-1 performed under t h i s  program completed 
t h e  breadboard ARX-1. A se l f - con ta ined  system (versus subsystem) approach was 
s e l e c t e d  f o r  t h e  ARX-1 based on reducing subsystem i n t e r f a c e s ,  e l imina t ing  
redundant components and u t i l i z i n g  t h e  products  ( i .  e .  , h e a t ,  e l e c t r i c a l  power, 
f l u i d s )  of one subsystem i n  another .  As an  example, t h e  H generated by t h e  
NSS i s  used by t h e  S a b a t i e r  based C02 Reduction Subsystem ?s-CRS). Also, t h e  
ControllMonitor Ins t rumenta t ion  (C/M I)  was designed a s  a s i n g l e  u n i t  t h a t  
would ope ra t e  a l l  components a s  a  sing1.e system by provid ing  f o r  one-button 
s tar tup/shutdown of a l l  ARS f u n c t i o n s ,  automatic  sequencing and con t ro l  and 
monitor ing f o r  s e l f - p r o t e c t i o n  and s a f e  ope ra t ion .  

Figure  11 i s  a b lock  diagram of t h e  se l f -conta ined  U S  concept ,  The NSS using 
decomposition o f  N2H4 provides  f o r  N2 l o s t  through cab in  leakage .  Also, t he  
NSS s u p p l i e s  e x t r a  H2 r equ i r ed  by t h e  S-CRS. The Oxygen Generat ion Subsystem 
(00s) , Electrochemical  Depolarized C02 Concentrator  (EDC) and S-CRS provide O2 
t o  and remove C02 from t h e  crew space.  Addi t iona l  subsystems and components 
a r e  needed t o  provide  o t h e r  a i r  r e v i t a l i z a t i o n  func t ionc .  A Cabin Humidity 
Control  Subsystem (CHCS) i s  used t o  supply condit5oned a i r  t o  t h e  EDC a t  a  
humidity l e v e l  which r e s u l t s  i n  optimum e f f i c i e n c y  and t o  remove t h e  metaboli-  
c a l l y -  and EDC-produced mois ture  from t h e  cabin  a i r .  A Water Handling Subsystem 
(WHS) c p l l e c t s ,  s t o r e s  and d i s t r i b u t e s  process  water  t o  t h e  OGS. F i n a l l y ,  a  
c e n t r a l i z e d  C/M I provides  f o r  automatic ,  i n t e g r a t e d  ope ra t ion .  Table 5 l is ts  
t h e  design requirements e s t a b l i s h e d  f o r  t h e  ARX-1, Of p a r t i c u l a r  no te  i s  t h e  
n e t  O2 gene ra t ion  r a t e  which inc ludes  O2 f o r  crew consumption and a  p rov i s ion  
f o r  overboard leakage and EDC consumption, 
Hardware Desc r ip t ion  
- 
The mechanical hardware c f  t h e  ARX-1 was packaged a s  a  s i n g l e  u n i t  a s  shown i n  
F igure  12. I d e n t i f i e d  i n  F igu re  12 a r e  t h e  NGM, t h e  S a b a t i e r  r e a c t o r  and 
modules of t h e  EDC and OGS. Components of t h e  WHS a r e  d i s t r i b u t e d  throughout 
t h e  system. This  breadboard system has a  t o t a l  weight of 281 kg (619 l b )  and 
occupies an envelope of 7 1  x 96 x 114 cm (28 x 38 x 45 i n ) .  The ARX-1 mechani- 
c a l  hardware wi th  i t s  C/M I and TSA, which comprise t h e  t e s t  f a c i l i t y ,  i s  
shown i n  F igure  13, A d e t a i l e d  flow schematic of  t h e  AIIX-1 i s  given i n  Figure 14,  
The C/M I of  t h e  ARX-1 employs an advanced in s t rumen ta t ion  concept which Is  
h igh l igh ted  by minicomputer-based c o n t r o l s  and monitors .  The C/M I was packaged 
i n  a  s e p a r a t e  enc losu re  shown i n  F igure  15. The func t ion  of t h e  C/M I i s  t o  
provide automatic  mode and mode t r a n s i t i o n  c o n t r o l ,  au tomat ic  shutdown pro-  
v i s i o n s  f o r  s e l f - p r o t e c t i o n ,  system parameter monitor ing and ground t e s t  
ins t rumenta t ion  i n t e r f a c e .  
Control  and Monitor Ins t rumenta t ion  
The C/M I provides  f o r  automatic  c o n t r o l  and monitor ing of t h e  ARX-1 opera t ion .  
Through a  combination of minicomputer, analog c i r c u i t r y  hardware and assembly 
language sof tware ,  a l l  f unc t ions  of mode and mode t r a n s i t i o n  c o n t r o l ,  automatic 
shutdown, monitor ing of system parameters  and TSA i n t e r f a c i n g  were provided. 
The fol lowing desc r ibes  d e t a i l s  o f  t h e  C/M I des ign  and ope ra t ion  with emphasis 
on t h e  po r t ions  which r e l a t e  t o  t h e  NSS. 
The func t ion  of t h e  C/M I i s  t o  provide:  
1. Automatic mode c o n t r o l  and mode t r a n s i t i o n s .  
2 .  Automatic shutdown p rov i s ions  f o r  s e l f - p r o t e c t i o n .  ' 
3.  P rov i s ions  f o r  monitor ing c r i t i c a l  parameters .  
4 .  An i n t e r f a c e  wi th  TSA ins t rumenta t ion ,  
The ARX-1 has f i v e  ope ra t ing  modes: Shutdown, Normal, Standby, Purge and 
Unpowered. The f i v e  modes and the  a l lowable  mode t r a n s i t i o n s  a r e  shown i n  
F igure  16. There a r e  e i g h t  a l lowable mode t r a n s i t i o n s  t h a t  can b e  programmed 
o r  commanded dur ing  NSS/ARX-1 opera t ion .  I n  t h e  event  of a  power f a i l u r e ,  
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TABLE 5 ONE-PERSON AIR REVITALIZATION SYSTEM 
DESIGN REQUIREMENTS 
i Carbon Dioxide Removal R a t e ,  kg/d ( l b / d )  i 
Oxygen G e n e r a t i o n  R a t e ,  kg/d ( l b / d )  6 
F* Water Vapor Removal R a t e ,  kg/d ( l b / d )  
i 
kJ 
I 
P L i q u i d  Water P r o d u c t i o n  R a t e ,  kg/d ( l b / d )  + 
1. Methane P r o d u c t i o n  R a t e ,  kg/d ( l b / d )  
? 
N i t r o g e n  Productt ion R a t e ,  kg/d ( l b / d )  
( a )  C o n s i s t s  of 0=/d (1 .84  l b / d )  oxygen m e t a b o l i c  and 0.19 kg/d 
(0 .43  l b / d )  f ~ r ~ l e a k a g e  and EDC requirements. 
CllCS Ileat Exchanger 
?- 
Sabatier Ecactor 
I 
FIGURE 12 ARX-1 MECHANICAL P ! W A R E  
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however, al?,  modes can t r a n s i t i o n  t o  t h e  unpowered mode du r ing  which t ime a l l  
a c t u a t o r s  and va lves  will go t o  t h e  de-enexgized p o s i t i o n .  Upon revowering 
t h e  ARX-1 a l l  a c t u a t o r s  a r e  p u t  i n  t h e  shutdown p o s i t i o n ,  
System Control  and Monitor&. There a r e  16 software*implemented c o n t r o l s  
needed t o  o p e r a t e  t h e  ARX-1. These inc lude  c o n t r o l s  f o r  EDCM temperature and 
c u r r e n t ,  S-CRS tempera ture ,  CHCS temperature,  water  accumulator f i l l  and/or 
empty, OGS temperature,  p re s su re  and c u r r e n t ,  NGM p r e s s u r e  and temperature,  
The four  sof tware  c o n t r o l s  f o r  t h e  NSS a r e  h igh l igh ted  i n  Table 6 .  These a r e  
a c t i v e  dur ing  t h e  ope ra t ing  modes o r  t h e  mode t r a n s i t i o n s .  The NSS a c t u a t o r  
cond i t i ons  f o r  t b e  fou r  ope ra t ing  modes a r e  g i v m  i n  Table 7 ,  
Sensors  a r e  r equ i r ed  t o  i n t e r f a c e  wi th  t h e  C/M I t o  provide  f o r  con t ro l  and 
monitor ing o f  subsystem parameters and performance. Over 100 sensors  a r e  
implemented i n  t h e  ARX-1. These monitor f lows,  p r e s s u r e s ,  temperatures ,  
c u r r e n t s ,  v o l t a g e s ,  Liquid l e v e l s ,  combustible gas  presence  and va lve  p o s i t i o n s .  
Th i r ty - th ree  s e n s o r s ,  i d e n t i f i e d  i n  Table 8 ,  a r e  s p e c i f i c a l l y  a s soc i a t ed  wi th  
t h e  NSS, Table 8 a l s o  i d e n t i f i e s  subsystem parameter  cond i t i ons  which w i l l  
c a l l  f o r  an automatic ,  con t ro l l ed  shutdown of t h e  ARX-1. The shutdown condi- 
t i o n s  can be e a s i l y  modified by t h e  ope ra to r  through an  operator /system i n t e r f a c e .  
Operator/System I n t e r f a c e .  F igure  1 7  shows t h e  operator /system i n t e r f a c e  
pane l  of t h e  C/M 1 through which t h e  ope ra to r  can communicate wi th  the  system. 
The panel  i s  subdivided i n t o  t h r e e  major a r eas :  System S t a t u s ,  Operator Commands 
a ~ , ?  System Cont ro l .  
The o v e r a l l  system s t a t u s  i s  provided i n  t h e  upper le f t -hand  p o r t i o n  of t h e  
p a n e l .  The s t a t u s  summary i s  given a s  Normal, Caution, Warning o r  Alarm and 
i s  determined by t h e  worst case  cond i t i on  f o r  any c r i t i c a l  parameter .  A r e s e t  
bu t ton  i s  provided t o  c l e a r  t h e  s t a t u s  summary and r e s e t  t h e  subsystem monitor- 
i n g  f u n c t ~ o n s ,  Messages and information concerning t h e  system a r e  displayed 
on a  Cathode-Ray Tube (CRT) loca ted  below t h e  s t a t u s  summary i n d i c a t o r s .  I n  
a d d i t i o n ,  t h e  CRT d i sp l ays  f a u l t  d i agnos t i c  messages, p r e s e n t  s t a t u s  and 
va lues  of s e l e c t e d  senso r s ,  i n p ~ t t l o u t p u t  d a t a ,  e lapsed  t imes and communications 
between the  system and an operi ,cor.  
The "Operator Comnjandstt s e c t i o n  i n  t h e  lower l e f t -hand  corner  provides t h e  
c a p a b i l i t y  of t h e  ope ra to r  t o  communicate w i th  t h e  system. Capab i l i t y  e x i s t s  
f o r  e n t e r i n g  d a t a ,  examining cu r ren t  v a l u e s ,  updat ing s c a l e  f a c t o r s ,  modifying 
s e t p o i n t s  o r  a l lowable  ranges and c o n t r o l  of  t h e  CRT d i s p l a y .  
Manual h i t i a t i o n  of t h e  f o u r  ope ra t ing  modes (Normal, Shutdown, Purge and 
Standby) i s  provided i n  t h e  Ilkper right-hand corner  of t h e  pane l .  The c o n t r o l s  
au toma t i ca l ly  p reven t  t he  ope ra to r  from i n i t i a t i n g  an  i l l e g a l  mode t r a n s i t i o n  
( e . g . ,  Normal t o  Purge) .  The subsystem w i l l  no t  respond t o  an  i l l e g a l  mode 
t r a n s i t i o n  command. Accidental  mode i n i t i a t i o n  i s  prevented by providing a  
mode change permi t  bu t ton  which must be  s imultaneously depressed wi th  t h e  
d e s i r e d  mode b u t t o n .  
The c o n t r o l  s t a t u s  i s  loca t ed  d i r e c t l y  below t h e  ope ra t ing  mode/commands 
s e c t i o n .  Two l i g h t s  a r e  provided t o  i n d i c a t e  whether one o f  t h e  automatic  
p r o t e c t i o n  o v e r r i d e s  o r  an a c t u a t o r  ove r r ide  has been a c t i v a t e d .  A l i g h t  i s  
TABLE 6 NSS/ARX-I COlVTROLS DEFINITION 
Sof bzre Contro l  
Control  Descr ip t ion  Sensor(s)  Actuator(s)  Program(s) S e t p o i n t  
NGN S e t s  t h e  ope ra t ing  p re s su re  and c o n t r o l s  PlB, P23 V27,V3OYV31 NGMPRS, PCL P18, P23- 
Opsrat5ng of  t h e  N2H4 s t o r a g e  t ank  and feed  p r e s s u r e  1790 =a 
P res su re  t o  t h e  d e s i r e d  s e t p o i n t  (250 p s i a )  
NGM Controls  NGf1 Di s soc i a to r  Temp. (T24) t o  
D i s s o c i a t o r  d e s i r e d  s e t p o i n t  by a c t u a t i n g  h e a t e r  HZ. 
Temperature Maintains  h e a t e r  temperature (T23) a t  
W 
CI\ d e s i r e d  s e t p o i n t  
NGM Pd/Ag Controls  NGM Separa tor  Temperature (T28) T28 ,T30 H3 
Temperature t o  des i r ed  s e t p o i n t  b y  a c t u a t i n g  h e a t e r  H3. 
Maintains h e a t e r  temperature (T30) a t  
des i r ed  s e t p o i n t .  
N2H4 Feed S e l e c t s  one N H s t o r a g e  t a n k  f o r  use.  P25 ,P25 V32-V35 4 Switches t o  ogher t ank  when f i r s t  is  
empty and a l e r t s  ope ra to r  t o  r e f i l l  empty 
tank.  
1 ,  TABLE 7 ACTUATOR CONDITIONS FOR NSSIARX-1 OPERATING MODES f r 
( 8  Operating Mode Actuator  Function Shutdown Normal Standby Purge 
V24 Hydrogen Product Purge O(b )  0 0 0 
d V25 Nitrogen Product Purge 
T 
0 C C 
b 
0 
V26 Hydrogen t o  Vacuum b c 0 0 C 
V2 7 Hydrazine Feed C 0 C 
kz 
C 
V28 Hydrogen Product Purge 
t 
f 
C C C 0 
ii V29 Hydrogen Vacuum Purge 
t 
C C C 0 
NGM Pressure  Control  
Regulator  
Nitrogen Product Purge, 
NGM P r e s s u r i z a t i o n  
Tank A O u t l e t  
Tank B O u t l e t  
Tank A I n l e t  
Tank B I n l e t  
Hydrogen Product Vacuum 
Dis soc ia to r  Heater 
Separa tor  Heater  
C 
C 
C 
C 
0 
Off 
Off 
(d l  (d l  C 
( 4  (a )  C 
(d l  (dl C 
( d l  (d l  C 
C C 0  
On on ( C )  o f f  
On on (C)  o f f  
( a )  See Figure 14 f o r  a c t u a t o r  l o c a t i o n .  i (b) 0  i n d i c a t e s  a c t u a t o r  open, C i n d i c a t e s  a c t u a t o r  c losed .  ( c )  Under sof tware con t ro l .  
(d)  Condition depends on which hydrazine tank  i s  used. 4 
I 
I 
TABLE 8 NSS/ARX-1 SENSOR LIST 
(a Parameter Sensor Monitored 
Nitrogen O u t l e t  P re s su re  
Kydrogen O u t l e t  P re s su re  
Hydrogen Vacuum Pres su re  
Hydrazine Feed P res su re  
Nitrogen Supply P res su re  
NGM Purge & Tank Source 
P res su re  
Tank A Nitrogen P res su re  
Tank B Nitrogen P res su re  
D i s soc i a to r  Heater  
Control  Temperature 
D i s soc i a to r  Cont ro l  Temp, 
D i s soc i a to r  Temperature 
Sepa ra to r  Temperature 
Sepa ra to r  Cont ro l  Temp. 
Sepa ra to r  Heater  Control  
Temperature 
Hydrazine Feed Temperature 
Shutdown Po in t s  (b) 
LOW High 
45 Nitrogen Product Flow Rate 2200 - 3500 
(2 7 Hydrogen Product Flow Rate 3680 - 5000 Q 8 Hydrazine Feed Flow Rate 2.85 1.00 4.73 
4 W24-W35, Valve P o s i t i o n  I n d i c a t o r  Valve - 
C 
f W3 7 P o s i t i o n  
( a )  See F igure  14 f o r  s e n s a r  l o c a t i o n .  
(b)  P r ~ s s u r e  g iven  i n  kPa ( p s i a ) ,  temperature i n  K (F) and flow r a t e  i n  
cm /min. 
FIGURE 97 ONE-PERSON AIR REVITALIZATION SYSTEM 
OPERATOR/SYSTEM INTERFACE PANEL 
a l s o  p rov ided  t o  i n d i c a t e  when t h e  p a n e l  s w i t c h e s  have been d i s a b l e d  i n  o r d e r  
t o  p r e v e n t  u n a u t h o r i z e d  p e r s o n n e l  from a c t i v a t i n g  any b u t t o n .  
Manual c o n t r o l s ,  d e s i r e d  p r i m a r i l y  f o r  u s e  d u r i n g  system debug o r  o f f - d e s i g n  
o p e r a t i o n ,  a r e  p rov ided  behind a n  a c c e s s  p a n e l  l o c a t e d  immediate ly  below t h e  
o p e r a t o r  commands and system c o n t r o l  s e c t i o n s ,  O v e r r i d e s  a r e  p rov ided  f o r  a l l  
a c t u a t o r s  i n  t h e  form of  t o g g l e  s w i t c h e s .  The a c t u a t o r  o v e r r i d e s  a r e  p l a c e d  
i n  a n  a u t o m a t i c  p o s i t i o n  f o r  t h e  sys tem t o  o p e r a t e  normal ly .  The a c c e s s  p a n e l  
i s  normal ly  c l o s e d  t o  p r e v e n t  a c c i d e n t a l  a c t u a t i o n s .  
Sof tware  
The ARX-1 s o f t w a r e  i s  organ ized  i n t o  70 d i f f e r e n t  s o f t w a r e  packages o r  modules.  
They a r e  d i v i d e d  i n t o  system d e f i n i t i o n  and d a t a  b a s e ,  f r o n t  p a n e l  s e r v i c e ,  
r e a l - t i m e  e x e c u t i v e ,  i n p u t / ~ u t p u t ,  c o n t r o l / m o n i t o r ,  o p e r a t i n g  mode c o n t r o l  and 
in termode t r a n s i t i o n  f u n c t i o n s .  Of t h e  t o t a l ,  t h e  NSS r e q u i r e s  s i x  o f  t h e  
modules e x c l u s i v e l y  and s h a r e  t h e  m a j o r i t y  o f  t h e  remainder .  
T e s t  Suppor t  A c c e s s o r i e s  I 
T e s t  Suppor t  A c c e s s o r i e s  were developed t o  s u p p o r t  t h e  t e s t  program of t h e  
NSS/ARX-1, A b l o c k  diagram of  t h e  o v e r a l l  ARX-1 TSA i s  shown i n  F i g u r e  18 .  
Some of t h e  TSA hardware was developed o r  r e f u r b i s h e d  a s  p a r t  o f  t h i s  program; 
some was p rov ided  from p r i o r  programs and modi f i ed .  T e s t  Suppor t  A c c e s s o r i e s  
t h a t  were needed s p e c i f i c a l l y  f o r  t h e  NSS t e s t i n g  i n c l u d e d  t h e  vent/vacuum 
s o u r c e ,  Np h i g h  p r e s s u r e  s u p p l y ,  N2H4 r e f i l l  and supp ly  and p r o v i s i o n s  f o r  
p a r a m e t r i c  d a t a  d i s p l a y  and a n a l y s i s .  
F i g u r e  19 shows t h e  NSS TSA schemat ic  r e q u i r e d  f o r  o p e r a t i o n .  The p r imary  
f u n c t i o n  o f  t h e  TSA i s  t o  supp ly  N2H4 t o  t h e  s t o r a g e  t a n k s  l o c a t e d  i n  t h e  NSS 
and shown i n  F i g u r e  20. These s t o r a g e  t a n k s  a r e  N p r e s s u r i z e d  b l a d d e r  t a n k s  
s u i t a b l e  f o r  ze ro-g  o p e r a t i o n .  Bulk N H4 i s  s t o r e 2  i n  a  0 . 2 1  m3 (55 g a l )  drum 
which cannot  b e  p r e s s u r i z e d  o v e r  138 k6a (20 p s i a ) .  I n  o r d e r  t o  t r a n s f e r  t h e  
N H4 from t h e  drum l o c a t e d  i n  t h e  N H4 s t o r a g e  a r e a  t o  t h e  t a n k s  l o c a t e d  i n  
t 8 e  NSS r e q u i r e s  g r e a t e r  t h a n  138 k$a (20 p s i a ) .  An i n t e r m e d i a t e  h i g h e r  
p r e s s u r e  t r a n s f e r  t a n k  i s  used f o r  t h i s  purpose .  A f t e r  r e f i l l i n g  t h e  NSS N2H4 
t a n k s ,  t h e  l i n e  c o n n e c t i n g  t h e  t r a n s f e r  t a n k  which i s  l o c a t e d  n e a r  t h e  s t o r a g e  
drum and t h e  TSA l o c a t e d  a t  t h e  NSSIARX-1 i s  purged w i t h  N t o  remove any N2H4 
i n  t h e  l i n e s  a s  a  s a f e t y  p r e c a u t i o n .  I n  a d d i t i o n  t o  N H4 gank r e f i l l i n g  
components, t h e  TSA s u p p l i e s  purge  N2 and d i s t r i b u t e s  $he purge N2 f o r  u s e  i n  
o t h e r  ARS subsys tems .  
P a r a m e t r i c  d a t a  d i s p l a y  p r o v i s i o n s  i n c l u d e d  r e a l - t i m e  s t r i p  c h a r t  r e c o r d i n g  o f  
s e l e c t e d  NSS s e n s o r s .  Two r e c o r d e r s  were used.  One r e c o r d e r  moni tored N2H4 
f e e d  f low r a t e ,  f e e d  p r e s s u r e  and d i s s o c i a t o r  t e m p e r a t u r e .  The o t h e r  was a  
t e m p e r a t u r e  r e c o r d e r  which moni tored e i g h t  e x p e r i m e n t a l  thermocouples  i n s t a l l e d  
i n  t h e  NGM. These were i n  a d d i t i o n  t o  t h o s e  moni tored by t h e  C/M I .  A g a s  
chromatograph was used t o  p e r i o d i c a l l y  sample t h e  p r o d u c t  N s t ream and measure 
t h e  N2,  H2 and NH c o n c e n t r a t i o n s .  2  3 
NSSIARX-1 T e s t  Program I 
The t e s t  p r o g r a n  c o n s i s t e d  of s e v e r a l  subsystem and i n t e g r a t e d  sys tem checkout  
I 
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and opera t i o n o l  t e s t s  t o  v e x i f y  NSS/ARX-1 i n t e g r a t e d  des ign  and opera t i o n  and 
NGM pezformance. 
Over 50 days of va r ious  types  of t e s t i n g  was accomplished, These a r e  summarized 
i n  Table 9, The ma jo r i ty  o f  t h e  t e s t i n g  t ime involved t h e  i n t e g r a t i o n  of t h e  
mechanical NSS and TSA hardware w i t h  t h e  Am-1 C/M I software.  Minor modif icac 
t i o u s  t o  t h e  sof tware  were made t o  accommodate d i f f e r e n c e s  between as-designed 
and a s - b u i l t  con f igu ra t ions .  Pr inc ipa lLy,  t h e  mode secjunncas and NSS c o n t r o l  
r o u t i n e s  needed t o  b e  modified t o  accommodate needed changes i n  ope ra t ing  
phi losophy and knowledge gained a s  the  t e s t i n g  evolved. The f i n a l  system 
conf igu ra t ion  demonstrated s i n g l e  b u t t o n  s t a r t u p  and automatic  c o n t r o l  and 
monitor a t  normal condi t ions .  
Shakedown t e s t i n g  and ope ra t ion  a t  t h e  nominal des ign  p o i n t  a s  we l l  a s  opera- 
t i o n  wi th  varying cond i t i ons  of  t h e  i n t e g r a t e d  system were s u c c e s s f u l l y  completed. 
The ope ra t ing  condi t ions  and t e s t  r e s u l t s  a r e  shown i n  Table 10. The product  
N composition, a s  measured by t h e  gas chromatograph v e r i f i e d  t h e  e f f e c t i v e n e s s  ' 
03 t h e  s t ag ing  concept used i n  t h e  NGM. 
The e f f i c i e n c i e s  c a l c u l a t e d  from t h e  t e s t  rest t . . ' l  a r e  comparable wi th  those  
p ro j ec t ed  f o r  t h e  NGM design.  However, t h e  vex; 'cw MI concen t r a t ion  d e s i r e d  
was n o t  achieved due t o  i n t e r n a l  leakage i n  tlnr li(?par.l t8r s t a g e s .  ' A p o s t - t e s t  
examination and a n a l y s i s  of t h e  NGM revea led  a des ign  weakness i n  t h e  s e p a r a t o r  
housing,  The bolt-down f l a n g e s  of t h e  housing showed s i e n s  of h igh  temperature 
m a t e r i a l  y i e l d  and s t r u c t u r a l  deformatioa which led t o  s e a l  leakage ,  A des ign  
modi f ica t ion  has been i d e n t i f i e d  and would be  implemented p r i o r  t o  any f u t u r e  
t e s t i n g  . 
MINI -PRODUCT ASSURANCE PROGRAM 
The mini-Product Assurance Program e s t a b l i s h e d ,  implemented and maintained 
throughout t h e  development of  t h e  NSS included cons idera t ions  f o r  q u a l i t y  
assurance ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  s a f e t y ,  m a t e r i a l s  c o n t r o l  and configu- 
r a t i o n  management. The fo l lowinp  s e c t i o n s  summarize t h e  a c t i v i t i e s  completed 
i n  each a r e a .  
Qua l i t y  Assurance Program I 
The o b j e c t i v e  of  t h e  Qua l i t y  Assurance Program was t o  s e a r c h  o u t  q u a l i t y  
weaknesses and provide  appropr i a t e  c o r r e c t i v e  a c t i o n s ,  Qua l i t y  assurance 
cons ide ra t ions  were included during t h e  NSS des ign ,  engineer ing  eva lua t ion  and 
f a b r i c a t i o n  a c t i v i t i e s .  A l l  vendor-supplied p a r t s  were checked o u t  when 
received t o  ensure adherance t o  design s p e c i f i c a t i o n s  p r i o r  t o  assembly i n t o  
t h e  NSS. Only minor q u a l i t y  d e f i c i e n c i e s  i n  vendor-supplied p a r t s  were iden- 
t i f i e d  dur ing  t h e  program and a l l  were resolved p r i o r  t o  i nco rpora t ion  
t h e  NSS. 
R e l i a b i l i t y  Program 
' I 
The o b j e c t i v e  of t h e  R e l i a b i l i t y  Program was t o  inc lude  r e l i a b i l i t y  considera-  
t i o n s  i n t o  t h e  design of t h e  NSS. Redundant shu to f f  va lves  and dua l  zero-g 
compatible N H s t o r a g e  tanks  were incorpora ted  i n t o  t h e  NSS des ign ,  A review 
of l i t e r a t u r a  $or p ro j ec t ed  N H s t o r a g e  and handl ing techniques  r e s u l t e d  i n  2 4 
T e s t  
Element 
_1_1__ 
NSS 
TSA 
In t eg ra t ed  
Sys tem 
TABLE 9 NSS/ARX-1 TEST SUMMlUiY 
Type o f  Tes t  
Pd/Ag Tube Braze I n t e g r i t y  
Module P r e s s u r i z a t i o n  
P res su re ,  Temperature and Flow 
Sensor Ca l ib ra t ion  
Plumbing I n t e g r i t y  
Valve Sequencing 
Hydrszine Tank Pressure  I n t e g r i t y  
Tank F i l l i n a  Time 
Hydrazine ~ i a n s f e r  Line Operation 
Recorder Checkout 
Tank P r e s s u r i z a t i o n  
Tank S e l e c t i o n  
Dissoc ia  t o r  Temperature Control  
Separa tor  Temperature Control 
Purge Control  
Mode T r a n s i t i o n  Sequences 
Startup/Shutdown Checkout 
Shakedown TestlNominal Condition 
Shakedown Test/Varying Conditions 
Tes t  
Durat ion,  d 
TABLE 10 SlMKEDOWN TEST RESULTS 
Operat ing Condit ions 
Hydrazine Feed 
Flow Ra te ,  cm /min 
P re s su re ,  kPa (p s i a )  
Product Nitrogen O u t l e t  P re s su re ,  kPa (p s i a )  
Product  Hydrogen O u t l e t  P re s su re ,  kPa (u s i a )  
D i s s o c i a t o r  Temperature, K (F) 
Sepa ra to r  Tempera Cure, K (F) 
T e s t  Resu l t s  
3 Product Nitrogen Flow Rate ,  cm /min (c fm)  
3 Product Hydrogen Flow Ra te ,  cm /min (cfm) 
Product  Nitrogen Composition, % 
Nitrogen 
Hydrogen 
Ammonia 
t h e  s e l e c t i o n  of l o c a t i n g  t h e  N2H4 s t o r a g e  tanks  i n  t h e  nonhabi tab le  compartment 
s e c t i o n  of  t h e  s p a c e c r a f t ,  A l l  lxquid N M -car ry ing  l i t l ee  were then  considered 
n o m a i n t a i n a b l e  and requi red  redundant v i l$ ing  t o  meet r e l i a b i l i t y  requiremcnto. 
MaintainabFlFty Program 
The o b j e c t i v e  o f  t h e  Main ta inab i l i t y  Program was t o  cons ider  "hands o f f "  
ope ra t ion  a s  a  des ign  goa l  and rou t ine  maintenance requi red  during t e s t i n g ,  A 
l i n e  r ep l aceab le  o r  f l i g h t  r ep l aceab le  component concept was s e l e c t e d  t o  
maintain tlaose components r equ i r ing  maintenance t o  achieve t h e  des i r ed  subsystem 
r e l i a b i l i t y  goa l  dur ing  any continuous 180-day o p e r a t i o n a l  pe r iod ,  A l l  subsystem 
components, wi th  t h e  except ion  of those  loca t ed  i n  t h c  l i q u i d  N2H4 l i n e s ,  were 
considered l i n e  r ep l aceab le  components, 
Sa fe ty  Program 
An e f f o r t  was made dur ing  t h e  design of t h e  NSS t o  cons ider  i f  opera t ion  of 
t h e  rubsystem i s  c o n s i s t e n t  with f l i g h t  s a f e t y  requirements.  A l l  N H4 handling 
requirementn and s a f e t y  cons idera t ions  a s  e s t a b l i s h e d  dur ing  previo8s programs 
were reviewed, upgraded and implemented dur ing  t h e  p re sen t  NSS development, 
I n  a d d i t i o n  t o  t h e  N H s a f e t y  requirements ,  t h e  fol lowing s a f e t y  f e a t u r e s  
2 4  were a l s o  inco rpora t ed ,  
1, A s i n g l e  f s i l u r e  i n  one component d i d  not  cause success ive  f a i l u r e s  
i n  o t h e r  components, 
2, The subsystem was designed so  t h a t  ope ra t ion  and maintenance can be 
performed without  hazard t o  personnel .  
3 ,  As a s a f e t y  precal i t ion aga ins t  t h e  p o s s i b i l i t y  of e x t e r n a l  leakage 
of  N2H4 and H2 from a l l  N H4 o r  Hp-carrying l i n e s ,  t he  design used 
welded plumbing wherever l e a s i b l e .  
4 .  Provis ions  have been made so  t h a t  c i r c u i t  b reakers  a r e  incorpora ted  
( i n  TSA) t o  p r o t e c t  e l e c t r i c a l  equipment from unexpected h igh  c u r r e n t s ,  
5. E l e c t r i c a l  connectors ,  plugs and r ecep tac l e s  a r e  p o s i t i v e l y  keyed t o  
p reven t  i n c o r r e c t  mating wi th  o t h e r  a c c e s s i b l e  connectors ,  plugs o r  
r e c e p t a c l e s .  
6 ,  I n  a l l  connect ions,  t h e  hot  e l e c t r i c a l  connector was t h e  female 
socket .  
7. E l e c t r i c a l  c i r c u i t s  a r e  no t  routed through ad jacen t  p ins  of  an 
e l e c t r i c a l  connector i f  a s h o r t  between them w i l l  c o n s t i t u t e  a  
f a i l u r e  which could cause a  s e r i o u s  problem. 
8. The f l u i d  and e l e c t r i c a l  i n t e r f a c e  paneb were c l e a r l y  l abe l ed  t o  
p r e v e n t . i n c o r r e c t  connection of  f l u i d  and e l e c t r i c a l  l i n s s .  
Ma te r i a l s  Control  Program 
The o b j e c t i v e  of t h e  Mate r i a l s  Control Program was t o  provide  assurance t h a t  
t he  NSS would n o t  prec lude  t h e  e f f i c i e n t  a p p l i c a t i o n  of a  more d e t a i l e d  subsystem 
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FIGURE 21 F'LINCTIONAL SCHEMATIC O F  T H E  NEW S E A L I N G  CONCEPT 
b 
ifE. p l a t e s ,  compressing t h e  sample gaske t  which surrounded a small  p re s su r i zed  
:E r e s e r v o i r .  A simple t e s t  s e tup  cons i s t ed  of a p re s su re  source (Np), pres su re  6 gauge and hand v a l v e s ,  The t e s t  f i x t u r e  was i n s t a l l e d  i n  an oven t o  maintain 
c ,  t h e  d e s i r e d  t e s t  temperatures .  
@ 
Sea l  Tes t s  
The s e a l  t e s t i n g  cons i s t ed  of  t h r e e  major groups: (1) cold t e s t ,  (2) ho t  t e s t  
and (3)  thermal  cyc l e  t e s t i n g .  The o b j e c t i v e  of t h e  co ld  t e s t  was t o  measure 
t h e  leakage r a t e  a t  h igh  p re s su res  (up t o  3550 kPa (500 p s i g )  and ambient 
temperature.  The h o t  t e s t  cons is ted  of leakage r a t e  measurements a t  high 
p re s su res  and temperatures  (700-733 K)  (800-860 F ) ) .  The o b j e c t i v e  of t h e  
thermal cyc l ing  t e s t  was t o  eva lua t e  t h e  s e a l i n g  c a p a b i l i t y  of t h e  new s e a l s  
through repea ted  thermal  cyc les  (hot-cold-hot-cold) f o r  an  extended per iod  of 
t e s t i n g  . 
Resu l t s  of t h e  cold t e s t  a r e  presented i n  Table 11. The t e s t  f i x t u r e  was 
p re s su r i zed  wi th  N and t h e  l e a k  r a t e  through t h e  s e a l  t o  ambient a i r  was 
measured a t  ambieng temperature.  Pressure  drops were measured a s  a func t ion  
of t ime and were converted t o  t h e  volumetr ic  l e a k  r a t e  us ing  t h e  fol lowing 
equat ion:  
where Lv = volumetr ic  l e a k  r a t e  p e r  u n i t  l eng th  of s e a l  under 
s tgndard condi t ions  (294 K (70 F)  and 101 kPa (14.7 psia)),  
dm /min/cm 
T = a b s o l u t e  temperature,  R 
and APIAT = p r e s s u r e  drop p 4 r  u n i t  t ime,  psi/min 
The leakage r a t e s  shown i n  Tabie 13 a r e  e s s e n t i a l l y  n e g l i g i b l e .  As a compari- 
son,  a leakage r a t e  of 1 x 10 drtl /min/cm (2 .4  x 10 i n  /mic/ in)  when r e f e r -  
enced t o  t h e  NGM a t  normal operatior1 i s  about  0.02% of t h e  t o t a l  flow r a t e .  
Following t h e  cold t e s t ,  t h e  t e s t  f i x t u r e  was placed i n  an  oven and heated 
above 70O6K (300 F ) .  The s e a l  hgld f jxcept ional ly we l l  wi th  a l e a k  r a t e  of 
t 
1 .2  x 10- dm /min/cm (2 .8  x 10 i n  /min/in) a t  2520 kPa (365 p s i a )  . 
i !  
: i The thermal cyc le  t e s t i n g  involved leakage r a t e  measurements made during 
I $  i repea ted  thermal  cyc le? .  Typical  thermal  cyc l ing  shown i n  F igure  22. Af t e r  
b t ak ing  a p re s su re  reading  t h e  t e s t  f i x t u r e  was cooled t o  approximately 320 K 
(116 F) and heated back t o  720 K (836 F ) .  Pressure  was then  ad jus t ed  t o  
t 2520 kPa (365 p s i a ) .  These s e t t i n g s  of p re s su re  and temperature were s e l e c t e d  
wi th  s a f e t y  cons ide ra t ions  r e l a t i v e  t o  nominal NGM ope ra t ing . cond i t i ons  of 
I 1720 kPa (250 p s i a )  and 644 K (700 F) .  P re s su re  drop measurements were made 
x. 
P .  over  a 15-hour pe r iod .  Resu l t s  of t h e  thermal  cyc le  t e s t i n g  a r e  presented i n  
k 
II Table 12. The s e a l  performed b e t t e r  a s  t ime passedA8 Afjjer t e s t  No. 25,-ghe 
I 1 l e a k  r a t e  remained v i r t u a l l y  zero ( l e s s  t han  8 x 10 dm /min/cm (2  x 10 in / 
1 4  min/ i n )  ) . 
"1 
i 1 
TABLE 11 SEAL COLD TEST RESULTS 
S e a l  (a 
- 
P r e s s u r e ,  kPa ( p s i a )  Leakage RaSe, (b) dm3/mindcm, x 10 
6 
( i n  /min/ in ,  x 10 ) 
( a )  S e a l  I d e n t i f i c a t i o n  (Flange Suppor t )  : 
1 - 0.381 mm (0.015 i n ) ,  SS321 
2  - 0.254 mm (0 .01  i n ) ,  Cold R o l l e d  S t e e l  
3 - 0.127 mrn (0.005 i n ) ,  SS321 
(b) Volumetr ic  l eakage  r a t e  p e r  u n i t  l e n g t h  of s e a l  under  s t a n d a r d  c o n d i t i o n s .  

T e s t  No. (a > 
TABLE 12 SEAL THEMAL CYCLE TESTING RESULTS 
Temperature, K (F) 
Leakage Ra ie , (b )  dm3/minicm, x 10 6 
( i n  l m i n l i n ,  x 10 ) 
( a )  Using s e a l  wi th  0.254 mm (0.01 i n )  t h i c k  f l ange  suppor t .  
(b) Volumetric l e a k  r a t e  p e r  u n i t  l eng th  of s e a l  under s tandard  condi t ions .  
The s e a l i n g  tes t  demonstrated t h a t  bo th  leakage r a t e  and s t r u c t u r a l  i n t e g r i t y  
of  t h e  new s e a l s  was accep tab le  f o r  t h e  NGM a p p l i c a t i o n ,  Gaskets us ing  t h e  
flanged-backed concept  were procured f o r  t h e  shakedown t e s t s  descr ibed  i n  a  
previous sec t ion .  
NSS/ARX-1 Tes t ing  Philosophy 
While t h e  ARX-1 was designed f o r  ope ra t ion  a t  t h e  one-person l e v e l ,  t h e  NSS 
was s i z e d  t o  gene ra t e  N a t  a n  equ iva l en t  s ix-person capac i ty .  Therefore,  a  
s o l u t i o n  a s soc i a t ed  w i t 8  handl ing excess  N2 and H2 f o r  i n t e g r a t e d  ope ra t ion  of  
t h e  NSS w i t h  t h e  ARX-1 was r equ i r ed ,  Three a l t e r n a t i v e s  were evaluated:  
1. Operate  t h e  NSS a t  t h e  s ix-person l e v e l  and b leed  o f f  excess  N and 
H2 * 
2 
2. Operate t h e  NSS one-s ix th  of t h e  time i n  t h e  Normal Mode (s ix-person 
l e v e l )  and t h e  remaining t ime i n  t he  Standby Mode. 
3 ,  Operate t h e  NSS a t  t h e  one-person l e v e l .  
A l l  t h r e e  o p t i o n a l  methods were t e c h n i c a l l y  f e a s i b l e ,  b u t  t h e  second opt ion  
requi red  c o s t l y  modi f ica t ions  a s soc i a t ed  with s t o r i n g  excess  N2 and H and 
a d d i t i o n a l  flow c o n t r o l s  t o  maintain cons t an t  flows of  t h e s e  gases .  Kccord- 
i n g l y ,  t h a t  op t ion  was no t  recommended, The t h i r d  op t ion  was a  simple s o l u t i o n  
s i n c e  It  involved on ly  modi f ica t ion  of con t ro l  s e t p o i n t s  of process  parameters.  
No t e c h n i c a l  problems were expected f o r  ope ra t ion  of NH3 d i s s o c i a t o r s  and 
N /H s e p a r a t o r s .  However, some d i f f i c u l t i e s  were expected i n  t h e  ope ra t ion  * 
o$ t 8 e  N2H4 c r a c k e r ,  s i n c e  t h e  b o i l i n g  zone may s h i f t  from t h a t  of t h e  o r i g i n a l  
des ign .  
The f i r s t  op t ion  was simple i n  concept and involved only minor plumbing changes 
t o  bleed o f f  excess  product  gases .  Therefore ,  it was s e l e c t e d  f o r  t h e  t e s t i n g  
of  t h e  NSS wi th in  t h e  ARX-1. As it happened, when t h e  NSS underwent t e s t i n g ,  
t h e  o the r  ARX-1 subsystems were n o t  scheduled t o  be operated and t h e  impact of 
d i f f e r e n t  person- leve l  ope ra t ion  was obv ia t ed ,  
CONCLUSIONS 
, 
The fol lowing conclusions were reached a s  a  r e s u l t  of t h e  program a c t i v i t i e s :  
1. The i n t e g r a t i o n  of m u l t i p l e  H2 sepa ra t ion ,  and N2Hp and NH d i s soc i a -  
t i o n  s t a g e s  i n t o  t h e  NGM i s  f e a s i b l e .  The des ign  completes success-  
f u l l y  i n t e g r a t e d  e i g h t  d i s s o c i a t i o n / s e p a r a t i o n  s t a g e s  i n t o  a s i n g l e  
package t o  e f f e c t i v e l y  use t h e  hea t  generated i n  t h e  N2H4 d i s soc i a -  
t i o n  process  t o  hea t  t h e  o the r  s t ages .  , 
2. The NGM s t a g i n g  technique i s  an  e f f e c t i v e  method of  d e l i v e r i n g  high 
p u r i t y  N f o r  s p a c e c r a f t  leakage makeup. Data gathered on an NH3 
d i s soc ipg ion  s t a g e  v e r i f i e d  t h a t  low NH concent ra t ions  a r e  a t t a m -  
a b l e  us ing  t h e  NGM. 3 
3 .  The NSS was designed,  i n t e g r a t e d  and operated a s  p a r t  of a  c e n t r a l  
ARS. The NSS was s i z e d  t o  d e l i v e r  3.64 kg/d (8.00 lb /d )  of N a t  
g r e a t e r  t han  o r  equal  t o  1725 kPa (250 p s i a ) .  This  N2 genera8ion 
r a t e  corresponds t o  a  s ix-person s p a c e c r a f t  a p p l i c a t i o n ,  
4 .  The improved NGM s e a l i n g  technique us ing  f  langed-backed g raph i t e  
gaske ts  does provide  reproducib le  bubb le - t i gh t  s e a l s  requi red  f o r  
f u t u r e  t e s t i n g .  
5. The NGM s e p a r a t o r  housing f l anges  r e q u i r e  a  des ign  modi f ica t ion  t o  
p reven t  h igh  temperature m a t e r i a l  y i e l d  and deformation. 
RECOMMENDATIONS 
The fol lowing recommendations a r e  a  d i r e c t  r e s u l t  of t h e  work completed: I 
1, The NSS should be ex tens ive ly  t e s t e d  a s  an i n t e g r a t a b l e  subsystem 
wi th in  t h e  c e n t r a l  ARS a s  developed under t h i s  program t o  determine 
i t s  performance a s  a  func t ion  of N2H4 feed  r a t e s ,  NGM opera t ing  
temperature and N d e l i v e r y  p re s su re .  2  
2. Based on t h e  t e s t  r e s u l t s  gathered f o r  t h e  NSS, an advanced NGM 
should b e  designed,  developed, f a b r i c a t e d ,  assembled and t e s t e d .  
The o b j e c t i v e  of t h e  development a c t i v i t i e s  would be t o  f u r t h e r  
reduce NGM weight and power requi red .  A pas s ive  thermal design i s  
des i r ed  such t h a t  t h e  hea t  generated dur ing  N H d i s s o c i a t i o n  i s  
2, 4 s u f f i c i e n t  t o  maintain the  NGM a t  temperature a t h o u t  thermal c o n t r o l s .  
3 .  A prepro to type  NSS should be designed. This  NSS should inc lude  an 
advanced NGM; t h e  mechanical,  e lec t romechanica l  and e l e c t r i c a l  
components; and t h e  N2H4 s t o r a g e  and feed  mechanism. The NSS should 
a l s o  I s c l u d e  a  minicomputer-based C/M I wi th  a  CRT and a  dedicated 
keyboard. The C/M I must provide automatic  mode and mode t r a n s i t i o n  
c o n t r o l ,  automatic  s e l f - p r o t e c t i o n  should c r i t i c a l  parameters exceed 
t o l e r a n c e  l e v e l s ,  monitoring of t y p i c a l  subsystem parameters and an 
i n t e r f a c e  wi th  ground t e s t  i n s t rumen ta t ion  inc luding  da t a  a c q u i s i t i o n .  
The des ign  e f f o r t  should cons ider  f u t u r e  h a b i t a b i l i t y  module requi re -  
ments and specif icapi .ons t o  ensure t h a t  t he  prepro to type  NSS design 
i s  a p p l i c a b l e  t o  f u t u r e  (1985-1990) ECILSS requirements .  
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